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ABSTRACT 

The application of the principles of chemistry Doth 
for committing crimes and for traclcing down criminals interests 
audiences of all ages and walks of life. This interest is the reason 
for the long-standing popularity fictional works that describe 
crimes made possible by the criminal's knowledge of chemistry and 
crimes solved by the sleuth's knowledge of chemistry. The first 
section of this book presents three chapters on chemistry in 
fictional crimes. A discussion of the influences of -Arthur Conan 
Doyle's medical school professors on his fiction opens the book. In 
the next chapter, Dorothy L. Sayers* extensive knowledge of chemistry 
is displayed through an examination of three of her works. Various 
methods used for testing blood in 1875 are presented in the last 
chapter of this section. The second section contains chapters that 
discuss the present state of the art. The first two chapters in this 
section detail recent changes in the field of forensic science and 
provide definitions, explanations, and a rhort history of forensic 
science and criminalistics. The chemical composition and analysis of 
bullets and the uses of this information in some famous murder cases, 
such as the assassination of John F. Kennedy are ^hen discussed. 
Bloodstain analysis is the subject of the next two chapters: one on 
case histories and one on serological and electrophoretic techniques. 
The last chapter presents results of a 2-year study of four police 
jurisdictions to determine the kinds of physical evidence collected 
and used in typical criminal investigations. (KR) 
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PREFACE 



HOLMESIANS ARE COMMITTED TO MAINTAINING the myth 
that Sherlock Holmes was nut a myth. Arthur Conan Doyle's writings are 
full of iv{eas on forensic chemistry; articles have been written on Holmes' 
chemical contributions; moreover, Watson himself said that Holmes' 
knowledge of chemistry was profound. 

Natalie Foster of Lehigh University, who has a keen interest in detective 
fiction, and 1 thought it would be a great idea to have a symposium on 
(;:hemistry in Crime — Fact and Fiction. We itKoiporated the fictional and 
forensic parts and noted, in many cases, a relationship between the two. 
The first three chapters clearly demonstrate this connection. The re- 
maininji chapters present descriptions of modern techniques in various 
subdisciplines of forensic science. 

I want to thank all the contributors and the members cif the American 
Chemical Society Books Departn^ent, especially Suzanne RoetheK Janet 
S. Dodd, Paula M. Berard, and Anne G. Bigler. 

A special debt of gratitude is due to Richard Saferstein of the New jersey 

State Police. 

Samuel M. Gerber 
May W83 
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Medical School Influences 
on the Fiction 
of Arthur Conan Doyle 



Ely Licbow 




JL Vrthur CJon.in Doyle derived many benefits tioni his Edmburj»h up- 
brinyinu. his medical trainin^^. and his professors ot medicine and chenv 
i>trv, Doyle's own aurobioyraphy and fiction attest to >tronj» intluenccs, 



A school or a city can. ot course, have diverse and subtle effects upon 
a pcrst^n. especially an ins'eterate romantic. Wordsworth sani^ his nature 
son^s to the Lake District* finding sermons under e\ ery rock. WeMin^ton 
felt that the Battle of Waterloo was won on the playing' fields of Eton, 
bur H. M. Forster. deeply seared by the tnemorie> of his days in Hnj»land's 
"public" schools, felt they fashioned the overde\ eloped body and the 
underdeveloped heart 

Upbringing in Edinburgh 

Arthur Cionan Dovle's Hdinbur)^h may not have been exactly what 
Dublin w.is to janu'N Joyce, but in a curious sense there are manv simi- 
laruie.s. As di>affected youn^ C'atholic>» each left the cry of his boyhood, 
iu'\er to return. Jovce. i^f course, wrote .ibour nothing but Dublin the rCNt 
of his life, but Dovle the writer is associated with London. Like loycCt 
Arthur (!onan Doyle never forgot hi> native citv. and had a romantic 
love-hate reKuioiiship with it. It appear> over and over ajiiain in his novels 
and short storie>. and twice he went back to run for Parliament txom 
Edinburgh. 

Unlike the Dubliner, D(^^•le j»rew up in a sternly PrcUcstant city and 
had relatively little to say aKnit his youthful friends and companiiu^s. His 
Irish family was just as devout as the Joyce clan, and when he tell away 
from the C^hurch they were just as yrie\ed. Shortly after disavowing Ca- 



as do various other sources. 
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tholicism, and barely eighteen years old» he enrolled in Edinburgh Uni- 
versity's famed medical school. In one way or another he thought about 
hii medical training and wrote about it for the rest of his life. 

It was young Doyle's mother who suggested not only that he lecome 
a doctor, but that he enroll in what was then (1876) the world's finest 
medical school, the University of Edinburgh. Thus, unwittingly, it was 
the ma'am (as Doyle always referred to his mother) who supplied him with 
both of his professions, for his mother read to him, instructed him in 
heraldry, and filled his mind with romance, gallantry, and literature. 
Medicine and the formidable pile of stone that represented the university 
may have been the furthest thing from the young man's mind. Certainly, 
all his fondest and most vivid recollections of his earlier schooling centered 
around sports, newspapers, and his favorite authors. 

Young Doyle applied for a bursary (scholarship), the Grierson Bursary. 
It was worth £40, an enormous sum for a young man with no income and 
from a desperately poor home. The bursary came through; everyone at 
the Doyle household rejoiced; when young Arthur paid his "greasy £1 
note" to the bursar to enroll, he learned that the bursary had been with- 
drawn at the last minute. He was a fighter, however, and he needed the 
money. Somehow the school scraped up a £7 scholarship. 



Years in Medical School 

In some ways Edinburgh, especially Doyle's medical school tnnning. 
became parr and parcel of his bein^. The school helped shape his scientific 
and literary curiosity; introduced him to different aspects oi sports; and 
mstilled a lar^^e nu^asure of discipline in him and many nt his classmates; 
and it was certainly here that he developed an interest in chemistry, drugs, 
and the laboratory. 

Arthur Conan IX^yle was not very roiv.antic about his days as a hopeful 
medical student. He would be far more nostalgic about the life of a youn« 
graduate m the medical trateriAity. Tlv? professors at the university seldom 
deigned tt^ see» counsel, or mingle with the stuilents out ot class. Doyle 
stressed the hauteur and una\'ailability o\ the medical bc\\oo\ professors in 
his neglected early novel The Firm ofGirdlesume. By the time I^n'le became 
a medical student, university students could take apprt^xiniately half their 
classes at other recognized schools and still receive credit. Joe Bell, as he 
was known affectionately throughout Edii^burgh. and a host i^f celebrated 
medical men were classified as extramural teachers m the Royal Infirmary 
of Edinburgh when IX^yle ena^lled. Dovle, along with most of his class- 
mates, took a good number of extramural classes. 
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Influence of joe Bell 

Joe Bell chose young Doyle tt) he his dresser (assistant) at the end 
i)f Doyle's second year. Doyle wondered what joe Bell saw in him. Perhaps 
this was modesty, hut in truth joe Bell watched his students with, as one 
student descrihed it, "the look o{ eagles.'' "Doyle was always making 
notus," Bell told a Pall Mall Gazette reporter. "He seemed to want to copy 
d(nvn e\'ery word I said. Many times after the patient departed my office, 
he would ask me to repeat my ohservations so that he would he certain 
he had them correctly." Later, he told the same reporter, "I always regarded 
him as one of the best students I ever had. He was exceedingly interested 
always upon anything connected with diagnosis, and was never tired of 
trying to disctn'er those little details which one looks for." 

All Sherlockians know that on that fateful night in Southsea in 1886 
when the struggling young doctor sat down to write his first detective 
story, he recalled the fact, the voice, the method of "my old mentor, joe 
Bell." It was the method that was to become the touchstone, the magic 
of Sherlock Holmes. 

Bell wri)te: 

1 recollect one time when a pvatient walked m and vat down. 'Xjood 
morning, Pat." I said, tor it wa^ impossible mi to see that he was an 
Irishman. 

'XjihkI morninu, vuur honor," replied ray pMiient. 

"Did you like vour walk over the Imks todav a> you came m from the 
south Mde ot town.'*' I asked. 

"Yes." .said Pat. "But the divil. Dui your honor see me?" 

Well. C^onan Dovle could not see that, ahsurdlv simple as it was. On 
a showerv day. as that had been, the reddish clay at bare parts ot the links 
adheres to the hoot, hut a iinv part is hound to remain. There is no such 
elav .in\ where else around the town tor miles. 

Once the patient was uone. . . C?onan [\>vle made me explain about 
the boots and claw and he wrote mv everv word down m his httle hook. 

In Doyle's own 'The Five Orange Pips'* Holme., tells hi.s young client 
whom he ha ' i-^t met tor the first time. '*You have Ciune up \ro\\\ the 
SiUithwest, 1 see.** 

"Yes, from Horsham.'* 

'That clay and chalk mixture which 1 see upon your toecaps is quite 
distinctive." 

How dkl Bell start the ^amc, the MethiKi' Speaking in his "Rich 
Scots" he would pass anuind the class a vial tilled with amber-coK^red 
liquid. In a voice i^f subdued humor ("we never knew how much he kept 



6 



Chemistry and Crime 



that sharp tongue in his. cheek"), he would point out to each ik*\v class 
that "This, gentlemen, contains a nv)st pcuent dru^. It is extremely hitter 
to the taste. Now I wish to see how many of you have developed the 
powers of observation that God granted you. 'But sair/ ye will say. 'it can 
he analyzed chemically/ Aye, aye. hut 1 want you to taste it~hy smell 
and taste. What! You shrink hack.' As 1 don't ask anything of my students 
which I wouldn't do alone wi' myself, 1 will taste it before pasMny it 
around." He was obviously enjoy ii^)^ him.selt. 

He would then dip a finj^er in the liquid, put his fii^yer in his mouth, 
suck It, and then grimace. "Now you do likewise," and he would pass the 
liquid around. Each student would taste the harsh concoction, make a 
face, and pass the awful stuff to his neighbor. >X'hen the vial finally came 
back to him, Bell would look out over the pinched taces. and slowly start 
to chuckle. "Gentlemen, gentlemen/' he would coo, "I am deeply grieved 
tt^ find that not one of you ha^ developed his power of perception, the 
faculty of obser\'ation which I >peak so much ot, for it you had truly 
okairved me. you would ha\'e seen that, while I placed my index finger 
in the awful brew, it wa> the middle fingei — aye — which somehow tound 
its wav into my mouth." 

Rell also recounted one of l^oyle's favorite cases to the Pall Wall 
Cazcuc reporter. He told of the patient who walked intu the room where 
he was instructing students. *'He ha> been a soldier in a Highland regiment, 
and probably a bandsman/' Bell stated. Bell pointed out the swagger in 
hi> walk, suggesti\'e of the piper, and deduced from his shortness that he 
had to be a bandsman. When asked about his station in life, the man 
said he wa> a cobbler and had never been in the army in his lite. 

'Thi> wa> rather a tlooier. but being absoKitelv certain 1 was right, 
and seeing something was up. I did a pretty cool thing. 1 told two ot the 
>tronuest clerk> to remo\*e the man to a side room. ... 1 went and had 
him >rripped. and I daresav vour own acutenos ha> fold vou the sequel" 
''Vm da>hed it 1 dv>/' >aid the >X'atsvuvlike reporter. 
"Why/^ >aid IV. BelK "under the left breast I inMantlv detected a 
httle blue '1^ branded on hi> >kin. lie wa> a deserter. That wa> how they 
u>ed tv^ mark them m the Oimean dav>.** 

Povle was also well aw.ire that Bell had vuittitted a Muall l.ibomtnrv 
on hi> ward at the Roval Intirmatv and built .i >uperb iaboratorv in hi> 
la>t two reMdenccN in Ldinburgh. Bell w.i> an experimenter, in his article 
'looking Back: 1^)07-1860/" l>. John C:hiene recalU that wheiwver he 
came onio Ward XI there would be Joe Bell, intent over a bun>en lamp 
|ski. Indeed, when Watson hr>r >aw Holmes he was bending over a table 
"which bristled with retort>. test-tubes, .iiul little but^scn lamp>." 

joe Bell also told hi> dres>ers to learn the Scottish idiom, the \ er- 
nacular. Povle. who did indeed .\h>orh all that his caniu mentor taught 
him. did not think thi> advice w.i> ot iitino>t importance. Then, as he 
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recounts, sure enouyh an Edinburgh tarrier came up tt) him in the out- 
patient cUnic complaining of a *'bealing in the oxter." 

'This heat nu\" said Doyle, and he was told that the patient had an 
abscess in the armpit. Thus» when Dr. Bell said, on first observing and 
listening to a patient, that he was a bellrinyer from south of the Tweed, 
it had as much to do with dialect and idiom as with observation and 
general knowledge. "1 had ample chance of studying his methods and 
noticing that he often learned more of his patient by a few quick glances 
than I had done by n^y questions." said Doyle. 

just how did Joe Bell influence, aid. or abet Doyle the writer? Al- 
though Doyle said that Bell gave him some plots for grisly stories, he also 
declared that he never used any of the plots suggested. Adrian Conan 
l\)yle also claimed that Doyle didn't use any of BelKs ideas. He is probably 
right, because the quiet, classical Joe Bell had some idea.s tor which the 
world was not yet ready. Bell probably anticipated modern surgical scrub- 
up procedures, penicillin, and the autoc;.;v*ing ot instruments, and he may 
have also anticipated (indirectly, it must be admitted) the Tylenol murders 
1982 — on a literary level. ''Poison a well at Mecca." he told the Strand 
readers, '\vith the cholera bacillus, and the holy water which the pilgrims 
carry ott \n their bottles will infect a continent, and the rags ot the victims 
of the plague will terrify every seaport in Christendom." As Irving Wallace 
put It: **Dr. Bell sugge>ted m 1892 that Holmes pit hunself against a germ 
murderer, and hmted at knowledge of one >uch case. Di^yle was quick to 
question if a bacteriological killer might not be too ctunplex for the average 
reader." In all likelihood, Doyle, who could work up a splendid chiller ot 
a ghost >tory. didn't want his mysteries to be too real. 
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Influence of Crum Brown 

While he may have u>ed Joe Bell ti.s a model tt^r hi> mo>t tamou> 
literarv creation, IXivle had nearly as much to sav about Oum Brown, 
protevsor ot chemistry, as ai^- o\ the other mstructor>. 

Oimi Brown wa.^ a schoiarlv aKsent-minded >oiiK otie ot the nu^st 
popular teachers at the imiver>itv. In his autobiography, Dovle recalled 
the kindly manner ot the man, and how the students looked forward to 
his lab experiments (and the number ut expermients that went awry) He 
was one of the few instructv^rs willing to teach chemistry to a small band 
of women medical stuvlents ( 1869--1874). and thev remembered how he 
taught the usual chemistry courses, but preferred the pri:e competitions, 
how he stressed original and unusual research. 

In his diary, Doyle the voung debtor (sm^n to be a writer), vowed 
he woukl write significant articles tor the medical jtnirnals (he wrote a 
few) and also averred that he would put into ettect the spirit ot e\peri> 
mentatum that he learned in classes at the university. While doing research 
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for his dissertation (a paper dealing essentially with tabes dorsalis, a strain 

of syphilis), he tells us he was dealing with "remedial drugs 1 myself 

have takers as many as forty minims of Murrell's Solution without incon- 
venience." Brown's colleagues, A. C. Curor ar\d John Chier^e, stated that 
Crum Brown often told the young students of the drugs with which he 
experimented. 

Doyle's first published medical article appeared in the prestigious 
British MedictJil Journal in 1879. when he was a third-year medical student. 
The article. "Gelsiminum as a Poison." is yet another account of his 
experiments with drugs on his own body. Certainly the same fascination 
with drugs and self-experimentation are to be found in A Study in Scarlet, 
"Adventure of the Devil's Foot," The Parasite, and other works. 

It also seems fairly obvious from Doyle's story, "The Doctors of Hoy- 
land," that he learned well Crum Brown's lessons of true chemical ex- 
periments. The story "The Doctors of Hoyland" is one of Doyle's most 
autobiographical tales and certainly one of the most interesting. Suppos- 
edly Conan Doyle was vigorously opposed to the Suffragette movement. 
None of his medical school classmates (1876-1881) was female, but "The 
Doctors of Hoyland" appeared in 1894. In it, one Dr. James Ripley, tresh 
from the University of Edinburgh Medical School, comes to practice in 
a small English town. Because of his newer methods and scientific spint 
he easily supplants the two old practitioners in the hearts of the natives. 
For five or six years he reigns unchallenged, and then— to his horror— 
hears of a "celebrated Dr. Verrinder Smith," newly arrived in town. Dr. 
Smith was educated and graduated with distinction at Edinburgh; then 
went on to Paris, Berlin, and Vienna, culminating with the doctor's 
winnmg the famed Lee Hopkins Award. Overcoming his first reaction of 
fear and jealousy, the good doctor calls on his new colleague and is let in 
by "a little woman with shrewd, humorous eyes, holding a pince-ne: in 
her hand." Asking for Dr. Smith, he learns he is talking to Dr. Smith. 
Upon cleaning this information, Dr. Ripley is genuinely shocked. "He 
had never seen a woman doctor before, and his whole conservative soul 
rose up in revolt at the idea. He could not recall any Biblical injunction 
that man should remain ever the doctor and the woman the nurse, and 
yet he felt as if a blasphemy had been commuted. . . .a man. ot course, 
could come through such an ordeal with all his purity, but it was nothing 
short of shameless in a woman." Barely able to tell her that her true place 
lb in the kitchen (or the bedroom), he is downright rude to her, and he 
knows It: "She had been courteous; he had been rude." 

In a fairly adroit manner. Doyle has the young lady save the doctor's 
leg some months later after an accident on the road. We see him not only 
change his mind about her. bur also preferring her ministrations to those 
of his brother, a celebrated London surgeon. Finally, of course, he proposes 
to her—she whom he had thought of as "an un.sexed woman." 
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" *What, and unite the practises?' said she, smiling/' She apologizes 
for ribbing him (he is very stuffy), and finally tells him she intends to 
take an opening in the Paris Physiological Laboratory. And so there was 
again only one doctor in Hoyland, and as Doyle wraps things up, folks 
could see that ''Dr. Ripley had aged many years in a few months. . .and 
that he was less concerned than ever with the young ladies whom chance, 
or their careful country mommas, placed his way." 

Now, consciously, and perhaps unconsciously, Doyle is bringing to 
bear more about the medical school than the uninformed reader could 
possibly ascertain. Dr. Smith won a hotly contested chemistry award at 
Edinburgh; she is extremely spunky and independent and not very feminine 
in her bearing. The young author (the stories were all written before he 
was 33) is weaving several strands of a large, loose tapestry. 

Undoubtedly Doyle had in mind a dynamic young lady whose life 
was only recently (1980) featured in an eight-part BBC production: Sophia 
Jex-Blake. After being turned down by Harvard Medical School in 1865, 
she came back to Britain and tried to "get into the best medical school 
anywhere — Edinburgh." She was allowed to enter in the summer of 1869, 
but, being female, naturally she had to take each class alone as there was 
no mixit^g of the sexes. Being told that such an arrangement was too 
costly for the university, the determined Sophia came back with six bright 
ladies, all of whom were reluctantly admitted. One of them, Grace Pechey, 
took the equivalent of Dr. Verrinder Smith's Lee Hopkins Award. 

Doyle would not have forgotten Ms. Pechey's achievement, for while 
she "won" the famous Hope Award ( named for a chemistry professor before 
Doyle was enrolled there), it was given U) a male student, and the entire 
Lity joined the battle. The professor caught in the nuddle wasCrum Brown, 
Everything else about Verrinder Smith sounds like the rather "man-ish" 
Sophia. Her brilliant defense of women and her knowledge of women in 
the history of medicine came straight fnm^ Sophia's brilliant courtmom 
testimony when she took on the university senate from 1870 to 1874. 
Sophia also left Britam for the continent. In tact, the whole ugly scene 
probably etched itself on the young man's mind, for we get a pn)totype 
of Sophia in at least three other Doyle works, culminating in the dynamic 
Mrs. Westmacott in Ikynnd the Cay. 

Autobiographical Fiction 

The beleaguered wmnen or the women medical-hopefuls theme was 
but one direct episode or influence of the medical schoi>l that found its 
way into Doyle's fiction. Another Round the Red Lamp story, "His First 
Operation," comes straight from Doyle's early days at the Royal infirmary 
of Edinburgh. In this superb sketch, a third-year dresser takes a first-year 
student tt^ his (the neophyte's) first operation. Doyle, of course, was Dr. 
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BelPs dresser in the Rtiyal Infirmary's Outpatient Clinic. In his Uwes 
/ro>r: :he Uf ' " a Country Doctor. Clement Gunn, a classmate of Doyle, 
tt l's us i^iat the taking of a first-year student to hib first operation took 
on the ritual of cc^Uege ha:ing. 

I)ovle*s account, on the way to the operatii^g room — with the 
neo. hyie's heart in his mouth witlv)Ut benefit of anesthesia— the dresser 
greets a fellow outpatient clerk. 
Anything good on?*' 
"You should have been here yesterday. We had a regular field day. 
A papliteal aneurism, a Colles' fracture, a spina bifida, a tropical abscess, 
and an elephantiasis. How\s that for a single haul.'" In his autobiography, 
Doyle noted that Joo Bell would oftei^ handle 70 or 80 cases in an after- 
noon. 

Suddenly they are in the operating au'iphitheatre: "The tiers of horse- 
shoe benches rising from the floor to the ceiling were already packed, and 
the novice as he entered saw vague curving lines ot faces in front of him.*' 

"This is grand," the senior man whispers. "You'll have a rare view 
of it all." 

When the novice asks about the two men at the operating table, he 
is told they are dressers. "One has charge o\ the instruments, ai^d the 
other of the Puffing Billy. It's Lister^ antiseptic spray, you know, and 
Archer [one of the operating surgeons] is one ot the carbolic-acid men. 
Hayes [another surgeon] is the leader of the cleanliness-and-cold-water 
schooK and they all hate each other like poison." 

What the novice is learning is that not all the doctors at the tamed 
medical school tollowed the great Lister with his new antiseptic technique. 
Di^yle was well aware that ]ov Bell was one ot the first surgeons who did 
believe m and use the technique, though he was also ot^ie ot the first 
proponents tc^ point out sonie obvious weaknesses. IX^yle was alsc^ keenly 
aware that Dr, james "Dismal Jeemy" Spence led those tippt)sed to the 
germ theorv. \n several of the medical stearics he pomts tnit the intense 
rivalries among some of the ureatest physicians on the statt. While manv 
of the antics of the rivals were petty, he was impressed that the major 
disagreement stemmed from medical or philosophical principles. 

In another Round the KeJ Lw\p siorw **A False Start," a poor. iKwly 
graduated doctorc Horace Wilkit^sim, is trying to make ends meet. Like 
IXiyle, he lUten answered the bell himself, and when trying to make a 
none-too-easy diagnosis, he knew that "siune of his old Edinburgh pro- 
fessors would have diagnosed his ca>e bv now. atvl wtuild have elecrritied 
the patient by describing his i>wn svmptiuns betore he had said a word 
about them." Again, shades ot joe Bell. 

In some wavs the most obvuuis or direct intluence ot the medical 
schot4 upon the voung writer appears in '*A Medical Document." am^ther 
of the RoHinl the Red Lonl) stories. At the end o\ this story, a viuing medic 
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has carefully recorded some truly bizarre case histories from a little group 
of doctors that he (the budding writer) calls the Midland Branch of the 
British Medical Associatioiv Their bizarre stories are interesting, and one 
dealing with syphilis alsti appeared in Doyle's dissertation. 

**Behind the Times" is a poignant tale about a figure depicted by 
Doyle in many of his novels and stories — the old but extremely able family 
doctor. In Doyle's own life it was a Dr. Hoare of Birmingham for whom 
he worked during the summer of 1879 while still a student. In several 
stories Doyle calls him "Dr. Horton," but here he is called, fittingly 
enough, Dr. Winter. The speaker here is a clever, competent newly 
graduated doctor who was brought into the world by Dr. Winter. No one 
knows the c^ld man's age. He is v)pposed to the use of chloroform. Joe 
Bell's teacher and colleague Dr. J.B.Y. Simpson perfected chloroform as 
m anesthesia just about the rime that Joe Bell entered medical schcu^l. 
Many of the lightning-fast operators were leery of chloroform, and it was 
adnunistered by dressers, nurses, and orderlies until World War 1. Winter 
referred to a stethoscope as "a new-fangled French toy," and, as menticmed 
earlier, 'The germ theory of disease set him chuckling for a long time, 
and his favorite joke in the sick room was to say 'shut the door, or the 
germs will be getting in.' " joe Bell wrote that Dismal Jeemy Spence used 
to shout, always in Lister's presence, *'Shut the door; ye'll let the germs 
oot." Dr. Winter "had more practical knowledge of [dietetics] than any- 
one whom 1 met." Patrick Henm Watson, "one of Spence's boys," was 
the recognized expert in dietetics (probably the only one) when Doyle 
was a medical student. 

If we can lend any ca'dence at all to Henri Mucrux's notion that 
Doyle projected himself into many of his literary creations, then he didn't 
have a lot of projecting to do while writing 'The Croxley Master," a non- 
"Red Lamp" but \'erv medical story. While it may nor be autobiographically 
accurate, it has many situations taken from Dcnle's own medical school 
days. It is an exciting K^xing tale that predarejs his one boxing ncn-el, 
KfxJni'v Sumc. Robert Mcmtgomery, a medical student strapped for funds 
(just like l\^yle). took a job with an established practitioner ii^ Sheffield. 
Like Doyle, he was the victun of a fouled-up bursarv. Alsi^ like Doyle he 
was trying to cram five years' work into four; he was also overworked 
(certainly Doyle's situaticm with Dr. Hoare, a Dr. Elliot in Shropshire, 
and a Dr. Richardson in Sheffield). To make ends meet, the husky young 
student agrees to fight a 40'Vear'old Ic^cal dreadnaught (he altnost has to 
take on the wife, too) — the great Croxley Master. 

Doyle did nc^t ean^ any tuition with his fiNts, but he undoubtedly was 
a spt»ctator on iKcasion o\ two popular student diver>iin^s: billiards and 
l-Mxing on Lothian Street. As ship's docti^r on the whaling ship Hnpe. he 
put on the gloves more than once, and like young Montgomery his fists 
Won him mtiny admirers. Doyle's account o( the young student\s relation- 
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ship with a Dr. Oldacre n^atches his account of his own threc-moiuh stint 
with Dr. Richardson in Sheffield, Croxley heing the ''slum" or steel work- 
ers section of the city. Both young men fouled little time for themselves, 
rolled countless pills, lived on skimpy diets, prided themselves on their 
cricket game, and removed themselves from the situatioi^ as soon as pos- 
sible. 

The Kmgest and best account of the young medical student, however, 
certainly is found in The Siark Munro Letters, one of Doyle's comic mas- 
terpieces. Although all of the action takes place right after graduatioi^. 
we constantly see the influence of Edii^hurgh's medical school 

John Stark Munro (probably named after three generations of Munros 
on the Edinburgh medical faculty) is a thinly veiled disguise for A. Conan 
Doyle. He writes to an American friend, mostly about his bizarre adven- 
tures with one Cullingworth, really George Budd, Jr., a classmate in 
medical school. In real lii'e both young men decided early on to do research 
and write articles for the medical journals. Ui^doubtedly their university 
stressed publishing far more than the other British medical schools. The 
Edinburgh faculty filled the learned medical journals of the day. In the 
Gaslight Publication's edition of The ^turk Munro Uiiers. Dr. Frederick 
Kittle\s superb ''Afterword" states that one of the strangest experiments 
in the novel may be based on earlier research. \n the very first letter the 
two young men are seen dissecting aiul frying a diseased liver that Budd 
stole from a pathology laboratory. They are trying to extract a waxy 
suhstance, thus the frying technique. Dr. Kittle\s belief is that Doyle is 
recalling articles about amyloid degeneration written by Budd in 1879 and 
1880 while he was still a svudeiu. Ironically, On Diseases nf the Liver was 
one of the best knowi^ works of Budd*s father, also a doctor. 

Doyle always averred that the Spartan life of the Eduiburgh student, 
the demands of the curriculum and faculty served him in good stead. It 
was sink or swim. While many of the esteemed faculty members would 
have little to do with the students* they served as models— in scholarship, 
m internal discipline, and as coivscientious (if iv)t always competent) 
medical men. Both Cullingworth and Stark Munro know how to make 
do; they have seen poverty staring them in the mirror. They are undaunted. 
Cullii^gworth is like a tank— nothing will stop him. More cynical than 
Doyle about their training, young Budd determines he'll succeed even if 
he has tw blii^k at ethics; Doyle, ever the man of integrity, departs from 
his friend after several petty squabbles, and decides to leave it up to fate 
and his medical tiaiiiing to succeed. 

One of the anecdotes that Joe Bell passed on to a Strand reporter 
concerned a woman with an ulcerous cheek. None of his students (Doyle 
among them) had the faintest idea of what was wrong. Like Mammy 
Yokum, she smoked a .short cutty (clay) pipe. One of Munro's first op- 
eratimvs is performed on a man with an ulcerous cheek. The cheek was 
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aggravated hy the man's smoking a short cutty pipe most of his life. Young 
Stark Munro immediately made the diagnosis and began cutting. In one 
of many subtle one-liners in the iiovel. Doyle says that the man, when 
fully healed, "has just been in to tell me that he has bought a box full of 
churchwardens." 

Finally, Doyle, \vh(^ said in his famous comment that his detective 
must put into operation the method of ''my old mentor joe Bell," seetns 
t(^ have put the method into operation himself many years after he left 
the university. In a mom^graph published in 1960 by Bill Smith, of the 
Copper Beeches, an American doctor, Harold Gordon, a graduate ot Edin- 
burgh, recalls the occasion: 

I Jo recall very vividly two episodes of Sir Arthur's visir at Edinhur^jh 
during my student days. . . .1 can't remember fur sure which year he ad- 
dressed us and later conducted a clinic. 1 believe it was U)12 or 1^1 3, , . . 

He conducted ward rounds and 1 was one of the lucky ^nc^ to be 
present, because 1 was a dres>er for Sir Robert Phillip whv^se specialty was 
tuherciilnsis and diseases of the chest. As we trooped hehmd Sir Arthur 
into nne of the lar^e public wards, he stopped suddenly just inside the 
entrance, sniffed a few times and exclainu^d, "Ynu ha\'e a typhoid patient 
here — 1 can smell it!" You may imagine our surprise as he stood still a 
moment or two longer, then walked over to one nf the beds [\t had a screen 
about ic) and said to the patient, "Is your headache better nowT* Sure 
ennuyh. the man, pale but ^^aunt and still feverish, nodded his head as he 
said. "Ave. but thairsty the noo.** The patient was stilt under obM !\'ation» 
diagnosis uncertain. But with that as a lead, he wa^ soon noticed tu have 
a tew ill-defined "typhvnd spots" on his hack and was later proven rn have 
enteric fever. 1 suppose Sir Arthur remembered his experieiK^es durinj» the 
Boer War and arrived at the correct diagnosis by experience as well as by 
intuition. (1 wi.sh 1 could recall how the patient (arcd.) 

A little later, we sti^pped at the crib of a vnun^ b.ihy, around two or 
two-and-a-half year> i^ld. The child's mother was watchmy at the hd\ side, 
AlnH\st without hesitanon. Sir Arthur turned tti the mother and said» kindly 
but with authontv. '*YiHi must snip painting the child*s crib." Sure enou^^h» 
the child was m with lead poisonin^^. We were aware nf the diajinosis, bur 
asked hmv he had arrived at the ri^»ht conclusion sn quickly. He smiled as 
he answered, "The child Im^ked pale but welUfed. He was listless and hi,s 
wrist dnipped as he tried to hold a toy. The mother was neatly dressed but 
she had specks of white paint on the finders of her ri^ht hand. Children 
like to sharpen their teeth im the rails of a cnh — so lead pnisiniin^j seemed 
a likely dia^m^sis!" 

Little cN'er escaped the young medical student turned writer. The 
instructors, the standards, the classes, and the sumnindinss etched thenv 
selves in his mind, it is no accident that his famous detective forever 
played with test tubes in a ci^rner of the room; Oum Brown and Joe Bell 
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also experimented in their laboratories. Finally, when he got around tc) 
writing that first story with the new detective, the first victim is found at 
3 Lauriston Gardens. When Conan Doyle was a junior in medical school, 
the Roval Infirmary o{ Edinburgh was moved to the Lauriston site. His 
memory was phenomenal; his own inner chemistry perked on all burners. 
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W hen Alistair Cooke introduced the first BBC dramatization of a 
Lord Peter Wimsey myster>' to American audiences, he stated that there 
were two classes of mystery readers: those who have never read Dorothy 
L. Sayers, and those who have never read anybody else.' Actually Sayers 
made an indelible mark on three literary spheres. A discrete sign placed 
on her former home in Witham, Essex, by the local Preservation Society 
testified laconically to this by identifying her as a novelist, theologian, 
and Dante scholar.^ But part of the special fascination of her detective 
works stems from the vast amount of painstaking research that she un- 
dertook on topics related to the characters and situations she created. 
Such research also was characteristic of her religious plays and essays and 
her translations of medieval literature. Her use of chemistry in several 
novels and short stories bears witness to her desire to be precise and correct 
in what she wrote and to do whatever may be necessary *'tt) make a good 



Dorothy L. Sayers was born in Oxford in 1893, the only child of the 
Reverend Henry Sayers and his wife Helen/ Although she was not trained 
in the sciences (she graduatc^d frc^m Somerville in 1915 with Class 1 honor 
in French), her mysteries are laced with fact and opinion on the science 
of the 1920s and 1930s. 

Muscarine in Mushrooms 

Decidedly the most chemically oriented of her works was a novel 
written in collaboration with Robert Eustace in 1930 entitled The Doc- 
nmenis in the Case. Robert Eustace was the pen name of Eustace Robert 
Barton, a physician (member of the staff at the Gloucester Mental Hos- 
pital), and contemporary of Sir Arthur Conan Doyle, who often lent his 
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advice to authors seeking to incorporate scientific information into their 
novels.^'' 

Briefly, The Documents in the Case deals with tl^e death of an authority 
on wild edihle mushrooms after he eats a stew concocted from the fungi 
he had gathered in the woc^ds. The coroner's inquest offers a verdict of 
accidental death, concluding that the gentleman, George Harrison by 
name, mistook the mushrocm^ Amanita muscaria (the pcnsonous deadly 
amanita or fly agaric) tor Amanita ruhesceus (a nonpoisonous, edihle va- 
riety). The mistake resulted in his accidental deai\ by muscarine poiscm- 
ing. 

Ph.irmacoloKically and fc^rensically, this was an excellent choice fc^r 
a pcnscming case, because 90% of all fatalities from mushrcnm poisoning 
are caused by the ingestion of a poisoncnis member of the Amanita family/ 
Also, as early as the turn of the century, the physiological respcmses to 
muscarine had been well characterized. Muscarine, in fact, is known as 
the **toundation stone of modern pharmacology" because its preparations 
were the first chemicals to reproduce faithfully some oi the natural re- 
sponses to stimulation of the parasympathetic nervous system,"^ thereby 
giving rise to terms like "muscarine response'' or "muscarinic acticm," 
which are still in use. 

The progression of the novel, however, turns on the disbelief cm the 
part o\ Harrison s son that his father could have made such a pedestrian 
error. Nc^ one can imagine how the man could pcnssibly have been murdered 
given the circumstances of the novel until the youns protagonist, John 
Munting, hears a lesson in current chemistry at a cocktail party. At this 
gathering is a chemist named Waters, "the coming man in chemistry at 
Oxfc^rd,"''' who responds to an initially philosophical questicn^ cm the 
weighty tc^pic c^f ''what is life" in a uniquely chemical fashion: 

At present — chenncallv spc.ikm^ — the nearest definition I can produce 
IS that it is a kind ot bias — .i lop-sidedncss, so to .speak. Possibly that account.s 
for it> ikidness. . . 

. . .up to the present, it is only livmu substance that has found the 
tnck ot tr.msformmu a symmetric, optically inactive' compound into <i 
>ini»lc. a^iymmetric. optically active compound. At the moment that Lite 
appeared on this planet, something happened to the molecular structure ol 
thinj»>. They ^ot a twist, which nohodv has ever succeeded m reproducinu 
mechanicaliy — at least not without an exerci.se ot delilvnue selective In- 
tel licence, which is also, as 1 suppose \ou\\ allow, .i manite.station ot Life. 

. . .If vou pass |a light] ray throuuh a crystal of Icelandic spar |5ee box), 
the vibrations are all brought into one plane, like a flat nbbon. That is 

*The Avun BiK>ks ovliuon o\ t1u> n«»vel h.»> the wiuvi ".uti\e" .u this point. Thi> in.iv 
K- .1 fvpouraphu m1 error. "In.Ktivo" iniM be the mtenJrii wvtrd to vk'>cnlv the beh.u u>r ot 
a svmnietTk \.ompvHinvl w \t\\ p>l.ui:evl li^jht. 





what IS called a beam o( polarized U^hx, . . If ytui puss this polarized li^lu 
throiiuh a substance whose molecular structure is symmetric, nothing hap- 
pens tt) It; the substance is optically inactive. But if you pass it throu^'h. 
say. a solution of cane su^ar, the beam of polarized Imht will be twisted, 
aiui you will «et a spir.il cfiect. like twisting a strip of paper either to the 
riyht or to the left. The cane suy.ir i.s optically active. And wh\ Because 
Its molecular structure is asymmetric. The crystals ot su^^ar are not tutly 
developed. Tl-^rt- is an irrcuularity on one side, and rhe crvstal and its mirror 
imaue are reversed, like mv rmht hand and my left.'* He ■' 'he palm ot 
the rmht hand on the back of the left to show his meama 



. . .we can produce m the labor.itorv. by svnMu-sis from moru.inic 
substances, other substances which were at one time thought to be onlv 
the products o\ livmu fssues. . . But what is the difference between our 
process and that of n.iture' , , , The substance puKiuced bv svnthesis alwavs 
appears m what is called a racemic form. It cimsists ot two sets ot sub- 
st.uues — one ^et h.ivin^: its asvnunetry nyht-handed and the other left- 
handed, so that the product as a whole behaves like an moruanic. svnimetnc 
compouiid. that is. its two .isvmmetries cancel one another out. and the 
product is optiialU maaive and has no power to nuate the beam o\ polarized 
hqht." 
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Waters concludes by explaining that the right- and left-handed forms may 
he separated by the exercise of our living iiuelligence but that the task is 
by no means trivial and indeed proves to be quite difficult. 

Despite a few phrases of questionable meaning (^'crystals. . .not fully 
developed/' ^'inorganic, symmetric compound") and the general feeling 
that this type of optical activity is the property of a crystal and not 
molecular in origin, most chemists would have to agree that the author 
has provided a lucid and essentially correct description of the phenomenon 
of optical activity. In the course of this discussioi^ during the party, Munt- 
ing realizes with a sinking feeling that Waters has told him how the crime 
could have been committed with synthetic muscarine. Munting knows 
that his colleague Philip Lathom is the likely perpetrator of the crime, 
and he feels torn betweei^ doing his duty at^d loyalty to his friend. Munting 
questions Waters in private about the possibility and Waters suggests that 
they go immediately to the forensic chemist in charge of the investigation 
and request that he check the samples of stew for their optical activity. 
The muscarine in the stew proves optically inactive — ergo, it is synthetic; 
therefore, Harrison was murdered. Munting observes at the end of the 
t'lovel that he would hate to be in Lathom's place and have been tripped 
up by a miserable asymmetric molecule. (Incidentally, this is not an uiv 
common lament among beginning organic chemistry students facing their 
first examination questions on stereochemistry.) 

From a scientific vantage point, one might wonder just how accurate 
and up-to-date Sayers' chemistry was throughout the novel. Despite the 
precise pharmacological characterization of muscarine, the substance has 
proven extraordinarily elusive and only recently (1957) have its isolation 
and the determination of its structure beei^ achieved."^ The forensic chemist 
in the novel gives a rather good, albeit brief, summary of research on 
muscarine up to 1930: 

The isolatum of muscaiine itself in a pure state (rom the fungus would 
he a chemical expenment of considerable difhcuttw and has, so far as 1 
know, been accomplished only by two men. Harnack and Nothnagel; their 
results have not. 1 believe, received confirmation as yet. Choline aun- 
chloride and muscanne aunchloride have been obtained hy Hamack from 
fractionation of extracts of the fungus, and, more recently. King ohtamed 
muscarine chloride from the same si^urce. '* 

In point of fact, Hamack^ ^ in 1875 isi^lated muscariiie aurichloride 
from a syrupy extract of Amanita ai^d suggested the formula fi^r the active 
part of the molecule (Structure 1). In 189? and 1894, Niuhnagel^** re- 
peated and N-erified Harnack's synthetic substantiatum of this fi^rmula by 
oxidizing choline with nitric acid and thereby creating what was called 
for several vears "synthetic muscarine/' Doubt of the correctness ot this 
formula persisted until 1914 whci^ Hwins^*' proved that the reaction pro- 
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duced the nitrous ester of choline (Structure 2) and not a material anal- 
ogous to nnuscarine itself. 

In 1922 a drastic revision in the extraction procedure enabled King'^ 
to isolate the purest sample of natural muscarine up to that time, but 
King's work and the formula he proposed (C8Hjq02N; this is a molecular 
formula and has no assigned structure associated with it) were never sub- 
stantiated. A further period of inactivity followed until 1931 (recall that 
the novel was published in 1930) when Kogl and coworkers'^ isolated 
what they believed to be a pure muscarine salt and determined the material 
to be optically active. Not until Eugster and Wasser (1954-1956)'^ utilized 
partition chromatography on cellulose columns was analytically pure mus- 
carine isolated and its optical activity verified. The final structural de- 
termination was made in 1957 by Jellinek'^ using x-ray crystallography 
(Structure 3), and the total synthesis of muscarine was accomplished 
shortly thereafter. 

With this background, let us return to the novel and see how well 
Sayers and Eustace did. The formula cited for muscarine by an eager 
university student taking Munting and Lathom on a tour of his chemistry 
building was C^Hi^NO, (analogous to the hydroxide salt of Structure 1), 
which was known by 1914 to be incorrect. The student also mentions the 
preparation as the one known to yield the choline nitrous ester In response 
to a question by Lathom regarding the synthetic muscarine that the student 
has just proudly pointed out to them on the laboratory shelf, the student 
replies: 

(It's made of) inorganic stuff, ytui kntiw — all artificial. . . You start 
with artificial choline. . . you can make it by heating ethylene oxide with 
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triethylamine |5ic]. That ^ives you your choline. Then you oxidize it with 
dilute nitric acid — the stuff you etch with, you know. Result, muscarine. 
Pretty, isn't it? 

(Lathom;] And if you analyse it again chemically, could you tell the dif- 
ference between that and the real stuff? 

(Student:) Of course not. It IS the real stuff.*' 

The eager young chemist appareinly does not know anything about optical 
activity in natural products for all his glib synthetic knowledge. At any 
rate, Lathom was not only tripped up by a nniserable asymnnetric molecule; 
he was ruefully misinformed by a second-year graduate .student. 

In all fairness to Sayers and Eustace regarding the formula, the ref- 
erence they used was prt^bably J. Dixon Mann*s Foremic Medicine and 
Toxicobgy (Sayers actually has Lord Peter Wimsey consulting a volume 
of Mann in Strong Poison) and the 1922 edition of this treatise cites 
the formula proposed by Harnack for muscarine.'-^ Harnack*s structure is 
incapable of optical activity because it lacks a chiral carbon. * By her own 
admission, Sayers later realized that the plot was fine in this novel but 
the toadstool was ntu.^ After the novel was published, a chemist wrt)te 
to her that her general theory was sound but that natural muscarine was 
an exception to the basic idea in that it did not rotate the plane of polarized 
light. He was correct, based on the knowledge of 1930. In the last analysis, 
however, both her theory and the crime were totally and unambiguously 
sound. The chenustry of her day — which later proved inaccurate — would 
not allow her to poison her victim and catch the murderer the way she 
chose, but modern day science had vindicated her idea of trapping this 
particular criminal with a pt^lariscope. 

Two other small items are worthy of note: the synthesis of muscarine 
cited in the novel has an error (trimethylatnine, not triethyl), but whether 
the mistake is a conceptual one or merely typographical can not be as- 
certained. Another technical ern^r, originally pointed out by Harold Hart,^ 
comes in the description v\ the scene in the forensic laK^ratory during 
the measurement of the i^ptical activity of the evidence with a polariscope: 
'*He snapped off the lights, and we were left with only the sodium flame. 
In that green, sick glare. . Of course, a sodium flame is bright yellow- 
orange, but sick green does seem to set the tone more appropriately for a 
gri.sly investigatitm. 



'A chiral carKm is a carbon atom with tour Jittoretit urinip> attachovi to it; m all but 
.\ tew unique or«.inic struaurcs a chiral carKm js nctvssarv hu a compound lo display i^ptical 
activity. 
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Thyroxine in Wafers 

A second illustration of Sayers' astute use of chemistry, this time 
principally medicinal chemistry, comes in a short story published in 1933, 
"The Incredible Elopement of Lord Peter Wimsey.'' In this adventure she 
has the opportunity to apply the medicinal knowledge of ''glands'* that 
she hinted on in several earlier works. '^Glands" had apparently been the 
rage in England for several decades: 

Glands, my child, glands are the thing.^' 

He's founding a new clinic to make everybody good by glands. . . It's the 
science of the future as they say in the press. There really isn't any doubt 
about that. It puts biokigy in quite a new hght.^^^ 

When in doubt, give thyroid.^" 

The story takes place in a remote Basque village where the local 
peasants refer to a young American lady resident as bewitched. Wimsey 
correctly diagnoses the source of the medical problem with this former 
beauty. She suffers from myxedema, a thyroid deficiency disease, the 
extreme manifestations of which Sayers describes with harsh clinical pre- 
cision: 

There was nothmg to be seen, but a noise had begun; a kind of low. animal 
muttering, extremely disagreeable to listen to. It was not made by a dog or 
a cat. he felt sure. It was a sucking, slobbering sound that affected him in 
a curiously sickenmg way. It ended in a series of little grunts and squeals, 
and then there was silence. . . Something shuffled and whmipered among 
the cushions. ... It wa> dressed in a rich gown of gold satin and lace that 
hunu rucked and crumpled upon the thick and slouching Kidy. The face 
was white and pulfy. the eyes vacant, the mouth drooled open, with little 
trickles of saliva running from the loose corners. A dry fringe of rusty hair 
clung to the half-bald scalp, like the dead wisps on the head mummy. . . 
(The inert hand) was clammy and coarse tvi the touch and madi no attempt 
to return the pre-^sure. . 

The crime involves the lady^s own jealt-us and vengeful husband who 
intentionally withholds from her the corrective medicine she needs to 
counter her disorder and thereby reduces her to cretinous imbecility. 
Wimsey restores the lady to health by smuggling to her a weekly con- 
signment of thyroxme-containing wafers while the evil husband is abroad. 

Research on the thyroid gland and the total synthesis of the active 
principle thyrt^xine had been going on for almost thirty years and cuU 
minated in some important scientific discoveries just a few years prior to 
the publication of this sniry. That much of the early work on thyroxine 
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was done hy British scientists may help to explain some of Sayers' interest 
and knowledge of the subject. 

In 1891 Murray^'^ observed that when he grafted sheep thyroid to the 
neck of a myxedemic woman the condition previously thought to be 
incurable improved. The improvement was so sudden that Murray by- 
pothecated that some substance contained in the gland was being slowly 
secreted mto the body of the woman. This substance must be responsible 
for the improvement rather than any action of the transplanted gland 
itself. Fox and MacKenzie,^'' working independently, both reported suc- 
cessful treatment of myxedema by prescribing the oral administration of 
preparations of the thyroid gland ''to be taken lightly fried with currant 
jelly" or ''minced and moistened with brandy." 

The chemical analysis of thyroxine was advanced by Eugene Baumann 
at the University of Freiburg in 1895 upon his discovery of the presence 
of iodine in the active principle of the gland extract. Further work on 
the isolation and characterization of the hormone was delayed by Bau- 
mann's untimely death at the age of 49 in 1896 due to a chronic heart 
condition. E. C. Kendall, working at the Mayo Clinic with support from 
Parke-Davis, proposed a structure for thyroxine in 1919 (Structure 4) that 
was later shown to be erroneous. C. R. Harington, a young British sci- 
entist, had first become involved in the thyroxine problem in 1922 while 
on a post-doctoral year with H. D. Dakin at the Rockefeller Institute in 
New York. Upon his return to Britain, Harington continued his studies 
while lecturing at University College Hospital Medical School in London 
where he ultimately established in 1927 the correct structure of thya^xine 
(Structure 5) by total synthesis. "'^^ Interestingly, Harington's mentor, Dakin, 
had simu taneously assigned the same structure to thyroxine but withdrew 
the paper announcing his result when he learned ot Haringttm's wurk and 
thereby allowed Harington the credit of a unique discovery.''^ As a result 
of this work, Harington was named the head nf the British Natitinal 
Institute for Medical Research and was later knighted. The climate of 
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Structure 5 

research and discovery in Britain during; tl^is period may have led Sayers 
to the unique premise for this story. 

Regarding the plot once again, Wimsey's analysis of the situation and 
his correct diagnosis are models of deductive reasonmg laced with medical 
awareness: 

... To bctjin with, there was thi> extraordinary kind ot decay or imhecility 
setthn* m un a uirl in iier twenties. . . And then there was this tale of the 
conJition> clearin' up reKularly once a year or so — not like any ordinary 
hrain trouble. Looked a> if it was heinj^ controlled hy soinehody. . . Mrs. 
Wetherall had been under her hu.-ibanJN medical eve from the beRinninj», . . 
Then there were Wetherall's well-known researchers, and the fact that he 
kept in touch with a chemist in London. . . Alice Wetherall is one of those 
untortunate people who suffer tVoin congenital thvniid deficiency. You know 
the thynnd inland in your throat— the one that stokes the engine and keeps 
the old brain uoing. In son)e people the thmu doesn't work properly, and 
they turn out cretinous imbeciles. Their bodies don't j»row and their minds 
don't work. But teed 'em the stuff, at^d they come out absolutely all right- 
cheery and handsome and intelliuent and lively as crickets. Only, don t you 
see. you have to kc^'p feedmu it to 'em. otherw!>e they just go back to an 
u^dvcile condition. 



Arsenic in Hair and Fingernails 

A third selection that demonstrates Savers' up-to-date kiviwledge ot 
science is Smmji} Poison (1930) in which Harriet VatK, the future wife of 
Peter Wimsey* stands accused of murdering her erstwhile lover Philip B<iyle 
by poisoning him with arsenic. It is interesting to speculate that Sayers 
luay have developed the ideas behind "The Incredible EK^pement. . 
and Stronfj^ Pmson simultaneously. Available treatises on thynnd therapy 
contained considerable speculation nn the relatitmship between the ther- 
apeutic effect of arsenic and it> action on the thyroiu.'' Around the turn 
of the century arsenic was one ot the standaid dru^s used in the treatment 
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of Graves' disease {goitrous thyroid gland, or hyperthyroidism) and any 
research into the action of either thyroxine or arsenic was bound to uncover 
facts about the other. 

Arsenic has long been a favorite murder weapon, both literarily and 
in actual fact, but here again Sayers weaves some scientific acumen into 
the fabric of her tale, She not only mentions the folk wisdom about the 
Styrian peasants who were known arsenic eaters, hut also she refers directly 
(again by citing Dixon Mannas text) to the series of experiments by Coletta 
in 1906-^^ that established the phenomenon of localized immunity to ar- 
senic as a documented fact. 

. . . about this arsenic. As you know, it's not good for people in a general 
way, bui tlicrc are some people — those tiresome peasants m Styria one hears 
so much abtiut— who are supposed to eat it for fun. It improves their wind, 
su they say, and clears their complexions and makes their hair sleek, and 
rhi y give it to their horses for the same reason; bar the complexion, that 
is. because a horse hasn't much complexion. . it's well known that some 
people do take and manage to put away large dollops after a bit of practice — 
enough to kill an ordinary person. . . 

. . . some fellow — Pve forgotten his name, but it\s all in Dixon Mann — 
wotulered how the dodge was worked, and he got going on some dogs aud 
thmgs and he dosed 'em and killed a lot of V»m 1 dare say, and m the end 
he found that whereas liquid arsenic was dealt with by the kidneys and was 
uncommonly bad for the system, solid arsenic could be given day by day, 
a little bigger dose each time, so that m time the doings — what an old lady 
1 knew in Norfolk called the '^tubeV — yot used to it and could push it alonK 
without taking any notice of it. so to speak. 1 read a btH)k somewhere that 
It was all done by leucocytes— those jolly little white corpuscles, don't you 
l^now— which sort o( gcu round the stuff and bustled it along so that it 
couldn't do anv harm. M all events, the pomt is that if you ko on taking 
M>lid arsenic for a good lon^ time — say a year or si^ — you establish a what' 
not, an immunity, and can take mx or seven grains at a tune without so 
much as a touch oi indijaygers. . . 

Apparently these beastly Stynan peasants do it that way. and they're verv 
careful not to drmk for two hours or thereabouts afrer taking it, tor tear it 
should .ill Kct washed into the kidneys and turn poisonous on 'em. 

. . . as 1 say. you have a nice clear complexu^n— except that 1 m^tice the 
arsenic has pigmented the skin here and there (it does that sometimes)t 
and vou've yot the sleek hair. . - and 1 m^tice you were careful not to drink 
at dmner. . . Then we yof hold oi smne bits of your hair and nails, and lo 
and behold, they were bun^-full i^f arsenic/'" 

This explanation by Lord Peter to the suspected murderer is a very good 
summary of tlie information knc^wn at that time abcnit the physiological 
eftects of arsenic and the technique Un building up immunity. Regarding 
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the analysis of the samples of fingernails and hair from the suspected 
murderer, Wimsey's manservant Bunter performs a credible Marsh's test 
for the presence of arsenic and even remembers to test his reagents for 
arsenic content before commencing the actual evaluation of the forensic 
samples: 

". . . The distilled water was already hubblinK gemly in the flask. . . You 
will perceive that the apparatus is free from all contamination," 

"I see nothing at all." 

"That, as Sherlock Holmes would say. is what you may expect to see when 
nothing is there." 

. . . And presently, definitely, magically, a thin silver stain began to form 
in the tube where the flame impinged upon it. Second by second it spread 
and darkened to ^ deep brownish-black ring with a shining metallic cen- 
ter. . . 

"It's either arsenic or antimony. . . The addition of a small amount of solute 
of chlorinated lime should decide the question. . ." 
The stain dissolved out and vanished under the bleaching solution. 
"Then It's aisenic.'"" 

Even in the use of arsenic, which is certainly nothing new in the tomes 
of literary crime. Sayers buttresses her story with factual knowledge of the 
science behind the phenomenon. Other sections of the novel include 
medically accurate descriptions of the physiological response to a lethal 
dose of arsenic, biodistnbution and accumulation of arsenic in living 
tissues, and even a concise reference to the packaging laws in Britain 
governing the sale of arsenic at the time of the murder. 

Lest one think that these are the only examples of science in Dorothv 
L. Sayers' mysteries, some mention is due Eric Loder who, in "The Abom- 
inable History of the >'!in with Copper Fingers," electroplates his victims 
with a suitable solution of cyanide ion and copper sulfate. Dr. Walter 
Penberthy in The Unpleasantnesi cit the Beilona Club, who gently overdoses 
an elderly gentleman with his own trusted heart medicipe. George Har- 
rison in The Ihcumenti in the C^ise. who reveled in discussions ot Mr. 
Einstein and his theories, and John Munting in the same novel, who sheds 
some light on causality in literature through the second law of thermo- 
dynamics. Factual science and clinically accurate medicinal chemistry are 
mainstays in the detective fiction of Dorothy L. Sayers. 
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A Study in Scarlet 

Blood Identification in 1875 

Samuel M. Gerber 

In the first of the Sherlock Holmes stories, Study in Scarlet," Watson 
and Holmes meet in 1881. On that occasion, Holmes announces the 
discovery of a new test for blood and extols its specificity, sensitivity, and 
simplicity. The test was indeed simple: "a drop of blood, a liter of water 
(1 part blood in about lO^OOO-'iO.OOO parts waterl, a few white crystals, 
a drop of a transparent fluid— a dull mahogany color to a brownish dust." 
What was the chemical nature of the te^t? Let us first review how human 
blood was identified in 1875. 

Testing for Blood in 1875 

The first identification was visual. The investigator simply looked at 
the color, the gleam of dried blood, the stiffness of the fabric where blood 
had dried, and other such factors. 

Chemical analysis was in use in 1875 for blood identification. These 
tests were presumptive, that is. if the test is positive, the investigator should 
continue with more specific tests. 

The first chemical visual test is simple: a solution of water and the 
suspected sample is prepared. If the solution contaitis blood, it does not 
change color when dilute ammonia is added; it turns brown, however, 
when concentrated ammonia is added. Heating causes it to cinigulare. 

The gKUiucum te.st was the impi^rtant test for blood in 1875. The test 
ij, attributed to John Day of Australia (about 1867-1869) with other clainvs 
by Schonbein and Ven Heen. Cjuaiacum, which is a tree resin, is added 
to a water solution of suspected blood; then hydrogen peroxide is added. 
If the material is blood, a blue color is formed. Addmg alcohol gives a 
sapphire blue. 

The sensitivity has been variously reported, from 1 in 2000 to 1 m 
100.000 parts blood in water. I suspect that the sensitivity depended on 
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the purity of the guaiacum resin. The precise composition of the resin is 
not known; however, guaiacol (see structure) is ohtained froin the resin. 
Cotnpounds sitnilar to guaiacol form the dye shown as aurine by oxidation. 
A more complex material would give deeper shades and would approach 
a red or a reddish hrown in appearance. 

Microscopic examination of blood was of limited use for two reasons. 
First, microscopic tests could distinguish the blood of birds^ reptiles, fish, 
and mammals, but not between humans and other mammals. Second, 
dried blood could not be used. 

In the hen\atin test, now referred to as the Teichmann test, blood is 
mixed with salt crystals and glacial (concentrated) acetic acid and heated. 
The blood cells are evaporated, and rhombic cr>'stals of hemin are formed. 
Hemin is the product of chloride and heme, a blood constituent responsible 
for the oxypen-carrying capacity of blood. Thus, the hematin test proves 
only that the material is mammalian blood. 

The Sherlock Holmes Test 

Considering the existing state of the art just prior to 1881, what can 
we say abt>ut the SherltKk Holmes test for blood identification? To cause 
blood to change its color from red to mahogany as Holmes describes, we 
need an acid to increase its oxidatit^n rate, and a material to be oxidized. 
Some possibilities for the 'few white crystals" and the 'Mrop of transparent 
fluid" that Holmes could have used to produce the dark color are shown 
in Table L it is difficult to know whether such systems are ensitive tc^ 1 
part blot»d per 1,000,000 parts water and whether they are specific to 
human blood. The sensitivity probably would be similar to that of the 
guaiacum test. 
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Table 1. The Sherlock Holmes Test 




Colorless 
Crysuils 
(OxidarM) 


Clear 
Liquid 
(Acid) 


Color 
(Transparent Fluid) 


Sodium peroxide 
Sodium perborate 


Acetic acid 
Propionic acid 


Nitrosophenol -I- 

dimethylaniline 

Nitroso-a-naphthol 



Table IL Some Chemical Tests for Blood Identification Since 1875 



Color Former 



Benzidine 

Malachite green 
(Leuct)) 

Phenolphthalein 

Luminal (Z-aminti- 
phthalhydrazide 
hydrochloride) 

Haetm)chromoget^ 
st)dium hydrt)xide, 
pyridine, glucose 



Color Formed Semitivit)- 



Discoverer 



Blue 

Green 

Pink 

Luminesces 
Pink needles 



1 part/million 



Adler & Adler 
(1904) 



1 part/6 million Kastle-Meyer 



Takayama 



Testing for Blood Since 1875 

Mtist tests tor Hood are based on the same principle: Peroxidase, an 
enzyme m bloods acts as a catalyst tor the tixidatioti c^t a chemical material 
that kirms a characteristic color {see Table II). 

Benzidine was the chemical of choice until recently {see structure). 
Benzidine was characterized m 1845 but not used in fi^rensic medicine 
until 1904. The special reaj^ent Holmes used could have been benzidine. 
Eventually, benzidine was clearly demonstrated to be a carcinogen, and 
sti a replacement was sought, especially as a dyestuff intermediate. Dian- 
isidine, tcihdine, and dichlorobcnzidine {see structures) have all been used. 
Tetramethylbenzidine is free of carcinc^^enicuy, but it has not come into 
general use for varit^us reasons. Phenolphthalein remams in active use. 
Antipyrine also has been used as a benzidine replacemeiu. 

Other chemical reagents listed m Table II are used for presumptive 
tests for blood; the tests of blood with the benzidine derivatives are ac- 
ceptable but they are ntu definitive. 
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Ri = = K Benzidine 

Ri = R2 = CH3O Dianisidine 

R»=R2 = CH3 Tolidine 

Ri = Ri = Cl Dichlorobenzidine 



CH3 CH3 




CH3 CH3 
Tetramethylbenzidine 

The major hreakthtDugh in specifically identifying human hlnod came 
as the result ot the work of Karl Landsteiner. He was a medical doctor, 
but he had a thon^ugh training in chemistry. He discovered that human 
blood differed from person to person in the capacity of serum (the liquid 
portion) to cause the red cells to clump. That is, seium from patient 1 
mi^ht clump red cells from patient 2 but nor those of patient 3; serum 
from patient 2 might clump red cells from patients 1 and 3; and so on. 

By 1902, Landsteiner had determined that human blood could be 
divided into four gn^ups: A, B, AB, and O. Once this was known, it was 
a simple matter to shtnv that transfusions between persons t>f.the same 
group would have no ill effects, but transfusions between persons ot dif- 
ferent groups could cause the death of the recipient. 

by 1910, it had also been determined that blot^d gn>ups were inherited 
according to standard genetic laws, and thus they could be used as tools 
in paternity suits and other criminal investigations. 

hi 1927 Landsteiner and colleagues discovered the M. N, and MN 
blood groups, and in 1940, the Rh blotid gr<iups. In 19k\ Landsteiner 
was awarded the Nobel Prize in medicine and physiology. 
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Chapters 7 and 8 discuss present-day sophistication in blood idetv 
tification and characterization in more detail. Perhaps the story ''A Study 
in Scarlet" by Conan Doyle gave impetus to the development of improved 
methods in blood identification. 
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SherkKlc Holmes Edmond Locard magnifying glass blood identification soil analyses 
fingeiprinting ballistics document examination mass spectrometer scanning electron micro- 
scope microspectrophotometer computer Sherkxk Holmes Edmond Locard magnifying 
glass blocxl identification soil analyses fingerprinting ballistics document examination 




mass spt»ctrometer scanning; elivtrnn mk-roscopt* microspectrophotometer computer Sher- 
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mlCr^s^H.•ctrophotometef ci>niputer Sherlock Holmes Hdmond Locard magnifying glass 
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Forensic Science 

Winds of Change 



Richard Saferstein 




X he idea of using science as an aid in criminal investigation was 
foreshadowed in the fictional works of Sir Arthur Conan Doyle at the 
turn of the century. However, Holmes' creator could scarcely ii^jagine the 
resources that would eventually be applied to such endeavors. Currently 
in the United States there are nearly 250 public laboratories employing 
the services of about 3500 scientists in the scientific examination of crime 
scone evidence- These numbers do not even be^in to reflect the instal- 
lations and personnel involved in medico-legal investigations and the 
hundreds of private consultants and private laboratories engaged in foret^sic 
analytical services. The statistics for foreign forensic laboratories are like- 
wise impressive. For example. England and Wales alone employ more than 
600 scientists in nine government laboratories. 

In succeeding chapters of this book, authors will describe a variety 
of analytical techniques that have come to be accepted as routine tools 
of the moden^ forensic scientist. However, before we begin our exploration 
of this subject it must be emphasized that forensic scientists, and in par- 
ticular forensic chemists, should not be viewed as being engaged in an 
endeavor that is incompatible with other branches of analytical chemistry. 
The specmiens forensic analysts must subject to examination are very 
different from what other scientists are normally asked to deal with, but 
their techniques and philosophies more often than not coincide. Few 
analytical chemists would feel uncomfortable or befuddled in the envinms 
of a crime laboratory. In fact, one of the major impediments to contuiued 
progress in forensic sciei^e research has been a failure to merge forensic 
chtmistry into the mainstream of analytical chemistry. This failure ha.s 
inhibited communication between forensic scientists and their colleagues 
in the general analytical chemistry profession and has discouraged aivi- 
Ivncal chemists from applying the spmoffs of their work to forensic science 
problems. Publications such as this book can provide a firm ba.si.s for a 
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mutual exchange of data and ultimately lead to a cross-fertilization of ideas 
among all scientists engaged directly or indirectly in forensic science- 
related research. 

The Beginnings 

Forensic scientists have been major beneficiaries of recent advances 
and improvements in analytical instrumentation. However, the luxury of 
access to sophisticated analytical equipment was one not alw^vs Jiff(vded 
the forensic science community. The famous French criminalist, Edmond 
Locard, inspired by the ''Adventures of Sherlock Holmes" and the writings 
of other contemporaries, prevailed upon police authorities in Lyon to help 
him start what is generally regarded as the first crime laboratory. In 1910t 
with only a microscope and a spectroscope at his disposal, Locard started 
his laboratory in two rooms above the local courthouse. He became expert 
at characterizing dust and small particles, believing that any contact be- 
tween two surfaces would result in a mutual exchange of trace evidence. 
Locard demonstrated the viability of his exchange principle in a number 
of famous and well-publicized cases. His successes ultimately laid the foun- 
datitni for the ever-increasing role science was to play in criminal inves- 
tigation. 

Locard and his contemporaries prided themselves on their general 
knowledge and their abilities to apply a spectrum of skills to the diversity 
of items typically retrieved at crime sites. Few areas of knowledge escaped 
their attention or inquisitiveness. Even the indefatigable Sherlock Holmes 
w*as known to dabble in blood identification, soil analyses, fingerprinting, 
ballistics, and document examination. 

Forensic Scientists Today 

Today, we have had almost a complete turnabout in philosophy. A 
myriad ot analytical instrumentation and the explosive expansion ot sci- 
entific knowledge prevent all but a few gifted individuals from mastering 
the intricacies of the many fields of knowledge encompassing the practice 
of forensic science. As in many other fields of human endeavor, a hi^h 
degree vif specialization and teamwork is required to tackle the scientific 
examination of crime scene evidence. The operation and maintenance of 
complex equipments such as the mass spectrometer or the scanning elec- 
tron microscope, require talents and expertise far different from those ot 
an analyst en^^aged in the characterization of bloodstains or synthetic tiber 
examinations. Often, interpretive skills must be forged through experience 
arising out ot repetitive examinations. This is particularly true tor ex- 
aminers of hairs, toolmarks, bullets, and documents. Here, yearb ot ex- 
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perience and the quantity of evidence examined are paramount criteria 
in judging the competence and expertise of the examiner. Other specialties 
require skills molded from a combination of theoretical and practical know* 
how. For example, genetically controlled protein polymorphisms detected 
in bloodstains exhibit electrophoretic patterns that are influenced by an- 
alytical, biochemical, storage, and age factors. An understanding of the 
degree of influence exerted by each of these factors is necessary for the 
proper interpretation of test results. Dealing with those phenomena re* 
quires academic knowledge augmented by a good deal of practical expe- 
rience. 

The trend toward specialization is ctmspicuous and irreversible, and 
some practitioners are sincerely concerned that this development does not 
bode well for a pmfession that is consistently exposed to a diversity of 
specimens. Will the left hand know what the right hand is doing or is 
even capable of doing.' Such concerns are understandable but surmount- 
able. It is entirely appropriate if not compulsory that all personnel in the 
forensic laboratory be exposed to the workings of the entire facility. For 
example, one need not be a trained mass spectroscopist <^r a forensic 
serologist to comprehend the products of their labors. The fact 'v3 that 
skills used by all elements within a crime labcM'atory can and have been 
reduced to modest size textbooks, and it is not unreasonable to expect 
that any individual deemed qualified for employment in a forensic labo- 
ratory be capable of grasping and appreciating all its pnnciples of operation. 
Prudent management dictates that laboratory personnel be rotated through 
each section of the laboratory and sensitized, if only for a brief time, to 
Its workings. Laboratories large enough to compartmentalize their tasks 
must also put in place an interlocking system of supervision extending 
from the unit level to the laboratory directcir. This arrangement will 
formalize the lines of communication between laboratory- specialists and 
assure a ccHirdmation of efforts. 

In some ways fi^rensic examiners have lost their mystique and sense 
oi individual identity. The image c^f a lone examiner peering thniugh a 
magnifying glass or a microscope has been replaced by a team t^f analysts 
working m laboratc^ries filled with black (gray, tan, or green) boxes that 
are churnmg out graphs and digital displays. Actually, this modern image 
of forensic science is not totally accurate. 

Technology Today and Tomorrow 

Although it is true that over the past two decades, owing to devel- 
opments in analytical instruinentatii^n, there have been dramatic changes 
in the tools and techniques available to the forensic analyst, human in- 
volvement is still required to interpret and weigh the sigiiificance ot data 
emanating from these machines. However, the point to emphasize is the 
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discernible movement that has occurred toward the collectio'^ data that 
are more objective than subjective in character. This trend is welcome 
and necessar>» if forensic science is to maintain credibility and sustain a 
reputation for impartiality. For example, it is disheartening, but under- 
standable given the present state of the art, to watch eminent psychologists 
who have examined the same subject arrive at diametrically opposite views 
in the courtroom. Unfottunately, experience has shown that if an area of 
forensic science is totally dependent on the subjective skills of the analyst, 
then invariably ^'experts" will be found to express contradictory and equally 
persuasive views to a jury. If this situation occurs often enough and also 
happens to be the subject of contention in a number of highly publicized 
cases, the ultimate result will be a growing disillusionment with the cred- 
ibility of science in ihe courtroom. 

Fortunately, new technology has at least s{.ared the physical and 
natural sciences from this fate. Although all arpas of subjectivity have not 
yet been totally eliminated in the interpretation of forensic analytical 
data, the pace of progress is quickening. Even a mundane but subjective 
task such as comparing colors can now be performed with a microspec- 
trophotometet. If neces's-xry, the resultant spectral information can then 
be made available to experts, attorneys, and triers-of-fact alike to evaluate. 
Aided by like advances in analytical instrumentation, the search for more 
objective approaches for forensic analysis will continue. 

Today, one can hardly pick up a newspaper or magazine without 
reading something about computers. The personal computer has literally 
brought the computer into the living room, but computers per se are not 
new to the analytical laboratory. Systems have been in existence for a 
number of years that are capable of collecting and storing voluminous 
quantities of laboratory data. However, the fact of the matter is that fev 
forensic laboratories have invested in these costly computer systems. Ob- 
viously, the emergence of the low-cost computer is bound to change the 
complexity ot the forensic science scene in ways thai are difficult for us 
to envision. Ultimately, the likelihood is that minicomputers will link 
local crime laboratories via telephone lines to a large national computer. 
This realization will facilitate the collection of reference information on 
glass, paint, tireprints. shoeprints, and headlights. In the United States, 
a fragmented collection of local crime laboratories will be electronically 
merged into a single cohesive system. The computer will also have powerful 
consequences as far as the in-house interpretaticm of data is concerned. 
Chromatograms of accelerants, paints, and plastics, lunv manually com- 
pared and subjectively evaluated, will be scrutinized in precise fashion by 
pattern recognition algorithms. C'omparisons between questioned and con- 
trol materials will be judged and rated in exact and definable probabilistic 
terms, and not on subjective inclinations. 
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Perhaps these predictions are far removed from present reality, but 
they are not unreasonable or unrealistic. Advances in computerization 
and communications are being made at a far greater pace than anyone 
could have predicted just a few years ago. The forensic science community 
must begin to prepare for these eventualities. Standardization of techniques 
and procedures will become a necessary prerequisite if data and information 
are to be exchanged through computer networks. I hope that the tech*- 
nology that I envision will be as commonplace to forensic scientists of the 
twenty-first century as the scientific feats of Sherlock Holmes are to the 
forensic scientists of the 1980s. 
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_ orensic science has been defined in many ways, hut one of the most 
generally accepted definuions refers to forei^sic science as the application 
of the sciences to matters of the law. Forensic science is thus a broadly 
based field with many subspecialties. Foret^sic scientists approach their 
tasks by extracting knowledge and methods from the more established 
scientific disciplines, such as chemistry, physics, and biok^gy, and adapting 
them to their own unique needs as well as developing new methods. 

The discipline first began to develop in a formal way in the lare 
1800s. Although the role of the forensic scientist has changed little in 
the last one hui^dred years, he or she is no longer the '\me man show" 
epitomized by the Sherlock Holmes character in Sir Arthur Conan Doyle's 
imaginative ai^d prescient stories. Whereas a modified form of this ''gen- 
eralist" approach is valuable, with respect to complex modern problems, 
today's scientific investigator can only afford to master tnne ot the various 
foreiVMC disciplines, e.g.. pathology, toxicology, odontology, questioned 
docunients, and criininalistics. 

Omiimilistics is extremely broad in scope and is composed of many 
subdisciplines. The California Association of Oiminalists has defined 
criminalistics as ''that profession and scientific discipline directed to the 
recc^gnitit^n, identification, individualization, and evaluation of physical 
evidence by the applicaticu^ of the natural sciences to law-science mat- 
ters. Criminalistics deals with the analysis of a wide variety of evidentiary 
materials. The criminalist relies most heavily on the principles and meth- 
ods of chemistry. However, the most sophisticated analytical techniques 
are all too often inadequate for the mt>re difficult tasks faced by the forensic 
scientist, and many challenging problems remain to be solved. 

Problems confronted by various individual specialists in criminalistics 
can be very difficult and may require both general ai^d in-depth knowledge 
m a number of areas, including microscopy, microchemistry, optical crys- 
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rallography, instrumental methods of analysis, serology, immunology, ge- 
neticsi physics, arson investigation, and crime scene reconstruction. Ide- 
ally, a criminalist should he a specialist in at least one or two areas and 
a generalist with respect to the overall field of criminalistics. Criminalists 
with complementary specialties often work together in an interdisciplinary 
team approach in order to analyze physical evidence and reconstruct a 
crime on the basis of the physical evidence. However, criminal law is not 
the tmly arena of foreuaic scientists; their scientific expertise and Tch' 
niques are also applicable to civil investigations. The forensic scit.^jst 
lends a vital service to the criminal justice system by providing meaningful 
scientific input for assisting the judicial system in determining the guilt 
or innocence of the accused in a criminal case. 

h^dividualization and reconstruction are two of the most challenging 
tasks faced by the criminalist. Indwidmlization. unique to criminalistics, 
involves using both physical and chemical information to evaluate the 
possibility that two items of evidence have a common origin. The indi- 
vidualization approach is called for when questions arise such as whether 
the pamt from the scene of the hit-and-run originated from the suspect's 
car or whether the blood found on the suspect's clothing was that of the 
victim. Reconstruction involves analyzing all the information that is de- 
veloped as a result of scientific investigation in the field and in the lab- 
oratory to determine details of the sequence of events that occurred at a 
crime scene. The role of the criminalist in this activity is similar to that 
o\ an archaeologist piecing together the mode of life and the habits of a 
past civiiiration based on an examinatitm of the physical evidence unearthed 
at the site of a dig. Some of the activities ot the criminalist and their 
intimate relatioii to chemistry will be the main tocu. of this chapter. 

Historical Background 

Historically, the first organi:ed application of scientific disciplines to 
the field ot criminal investigation dates back to Hans Gross, who in 1893 
published *-:is classical Kn^k. Handhuch fur Lntcrsuchun^srichter,^ He in- 
troduced ine word "Knminalistic" from which the English word crimin- 
ahhtics IS derived. Although he advocated a philosophy of drawing upon 
the expertise o\ varuuis scientists to aid investigators and to supply proot 
for use in ccuirt, Gross was a magistrate rather than a scientist and did 
not contribute to the development of forensic science per se. By far the 
mo>t MgiMhcant contributions to the early development of forensic science 
niethodologv were made by Dr. Edmond Locard in France. In 1910 Dr. 
Locard became director of n scientific laboratory for the Lyons Police 
IVparrment. Durii^g his vears as directcir of the Ii^stitute of Oiminalistics, 
Dr. Locard developed manv new techniques. His v.vmtributions to the 
literature gained him worldwide recognition as erne ot the toremost crim- 
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inalists of his day and further awakened police administrators and inves- 
tigators to the value of and need for scientific evidence in any modern 
system of justice. ' 

In the early 1920s many forensic laboratories were established in 
various countries throughout Europe.^ In the United States the first sci- 
entific laboratory devoted to the detection of crime was established in Los 
Angeles in 1923. Six years later a second crime laboratory at Northwestern 
University in Chicago became operational. This laboratory was formed 
as a direct result of the crisis atmosphere generated by the St. Valentine's 
Day Massacre.- In the early 1930s crime detection laboratories were or- 
ganized in New York City^' and in Washington, D.C. by the Federal Bureau 
of Investigation/ 

Criminalistics soon became a recognized academic disciplme as a 
result of the scientific guidance and leadership of Dr. Paul L. Kirk at the 
University of California at Berkeley. Dr. Kirk's efforts resulted in a program 
devoted to training forensic scientists in the methods and technology of 
the established scientific community. He sought to encourage the appli- 
cation of the scientific method to solve the rather unique problems faced 
by the forensic community, and this has certainly not been an easy task. 

Capabilities Today 

Most of the applied scientific methods are primarily directed ;U the 
identification of a given substance such as a chemical compound, mineral, 
or plant. In contrast, forensic scientists are concerned with more than 
just the identification of a particular item of evidential material. Beyond 
identificatitm. they must in many cases attempt to link the item to a 
unique or common source: tl / must try to individualize it. For example, 
suppose that the forensic scientist i ntifie'- a questioned fiber, which was 
remcn'ed from underneath the fingernails of a murder victim, as a blue 
nyltm fiber. This identification aUme is of little value unless this tiber can 
be ass(Kiated with a unique source, e.g., a suspect's blue nylon shirt. The 
forensic scientist would like to be able to decide if the questioned blue 
fiber onuinated fnnu the suspect^s shirt or if it could have been derived 
from Mime cuher item or substance containing similar fibers. This task is 
extremely ambititnis and difficult because the unequivocal linking ot a 
particular item ot evidence to a unique source is often not possible. 

Hcnvever, some police personnel, attorneys, and laymen, perhaps 
influenced by televi>ed fictional presentations, believe that most items of 
evidential material can be individualized to a particular person, location, 
or thing. Many people believe that a fragment of glass, a paint chip, a 
lengtli of xopc. or a drug can be unequivocally a.>sociated with a unique 
or common MHiree. Although it is undoubtedly true that all thmgs are 
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individual, we still lack the scientific sophistication for conclusive indi- 
vidualization in many cases. 

At present, only a few types of physical evidence can be truly indi- 
vidualized. These include fingerprints, jigsaw matches, footwear and tire 
tread prints, striations present in tool marks, and ballistics evidence. 
Figures 1 and 2 illustrate two types of such evidence. Most other forms 
of evidence cannot be uniquely linked to a common origin as yet. 

In the past, the available methods for the examination and compar- 
ison of the most often encountered types of evidential material (such as 
paint chips, glass fragments, hairs, fibers, drugs, physiological fluids, gun- 
shot residue, explosive and arson materials) for the most part could only 
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Figure 1 . A jifisau ))uUl7i of a broken hund grip. 
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Fi^n<rt' 2. A court cJispIa\ s/imi ing J 3 points of identity betafen 
the knou'n inked print from the suspect (top) and the 
latent print ( bottom) found at the crime scene. 



enable the forensic scientist to determine whether the questioned and 
known evidential items were similar. It they were found significantly 
dissimilar, the questioned and known evidence did not share a common 
origin. However, m recent years, many new and improved instrumental 
and analytical methods allow the forensic scientist to come closer to the 
goal of associatmg items of physical evidence with a unique source. 

Let us now consider some of these relatively new methods that have 
greatly extended the criminalists' capabilities. 
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Scanning Electron Microscopy 

The scanning electron microscope (SEM) has found n\any applica- 
tions in the field of crime detection. The instrument's capabilities of high 
magnification, high resolution, and extraordinary depth of field have made 
it the instrument of choice in many forensic examinations. In rhe past 
decade many published articles have advocated the use of the SEM in 
various forensic examinations, ^"^'^ 

In the SEMt a focused beam of electrons is scanned over the surface 
of a specimen and causes secondary electrons to he emitted from the 
specimen. These secondary electrons are collected and detected to produce 
a signal that is displayed on a cathode ray tube (CRT). Magnification is 
simply the ratio of the size t)f the CRT scan to that of the sample scan 
and can be increased by reducing the size of rhe scanning pattern on the 
sample. Magnification ranges from 10 x to 200,000 x can be obtained. 

The impact of the focused electron beam on the sample surface also 
causes x-rays to be emitted from the specimen. These x-rays are charac- 
teristic and can be used to identify the elements that are present in the 
specimen when the SEM is fitted with an x-ray microanalyzer. This tech- 
nique of elemental analysis has proven especially useful in the area of 
gunshot residue (GSR) detection. When a firearm is discharged, a large 
cloud of residue is expelled (Figure 3). This residue contains substances 
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evolved from the primer, propellant charge, bullet, cartridge case, and 
lubricants. Furthermore, particles that are present have a morphology and 
elemental composition unique to GSR. '-^^ Currently, the SEM is used in 
the analysis io detect GSR by determining if these specific particles are 
present; however, a semiautomated SEM method needs to be developed 
so that GSR analyses can be performed on a routine basis. 

Pyrol-ssis-Gas Chromatography 

Pyrolysis-gas chromatography ( PGC) has been shown to be a powerful 
analytical tool for the further characterization of synthetic fibers and paint 
samples in forensic science investigations. Thepc^tential value of PGC 
in forensic science has been recognized by forensic researchers over the 
past two decades. 

P\r(;I\5i5 can be defined as the thermal degradation of intractable 
macnnnolecular materials into simpler units. The pyrolytic reaction is 
carried out in the absence of oxygen. In one type of PGC, a sample ot 
fiber or paint (5-50 ^JLg)* is placed in a quart: tube. The tube is then 
placed in contact with a coil of platinum wire. The sample is then inserted 
into the injection port of the gas chromatograph. The wire is electrically 
heated to the desired pyrolysis temperature in a few microseconds by 
feedback controlled circuitry. The volatile pyrolysis products that are pro- 
duced are separated by gas chromatography (see box) itito a characteristic 
pyYdffram. Ft^r the purposes of identification, the characteristic pyrograms 
that are obtained have been likened to the fingeiprint region ot an intrared 
spectrum.-'' A standard method has been developed for the PGC analysis 
of synthetic fibers and paint polymers.-'-' 

Pyrolysis-gas chmmatography, because of its high sensitivity and 
characteristic pyrograms, has proven to be a most valuable tool in the 
foreiiMC characterization of synthetic tiber and paint specimens. 

Cjus ChromaU)^\iphy-hAass Spectrometry 

In the war against narcotics, the combination of gas chromatography 
and ma.vs spectrometry (GC^-MS) is perhaps the most ptuvertul weapon 
in the forensic scientist's arsenal. The ability of the gas chromatograph 
to separate complex mixture> into their ctnnptments and the high sensi' 
iivitN and specificity of the mass spectrometer have made this combination 
an indi>pensable tool.*'* 

The sample is prepared atul injected into the gas chnunatograph. 
The ettluent is split by a variable splitter. Part of the effluent trom the 
column goes to the tlame ionization detector (FIH) ot" the gas chroma- 
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tograph. The remainder of the effluent goes to the separator interface, 
which separates the carrier gas and allows only the components of the 
mixture being exiunined to enter the ion source of the mass spectrometer. 
Here lomzation (producing electrically charged molecules or atoms) of each 
component takes place, and the mass spectrum for each is recorded. Figure 
4 shows a diagram of a GC-MS automatic data system. The data supplied 
by the GC-MS analysis allows the operator to make a rapid and unequi- 
vocal identification of a drug. 

Even more m^portant is the ability of the investigator to individualize 
the drug in question, Most street-level samples of narcotic drugs such as 
cocaine contain a large number of diluents. The actual quantity of narcotic 
drug present may be only a small fraction of the sample. The bulk of the 
material is usually a mixture of various commonly used cutting agents such 
as cafteme, sugar, quinine, lidocair^e, and procaine. GC-MS has made u 
pt^ssible tor the forensic scientist to analyze these complex mixtures quickly, 
and to give the narcotics officers information regarding their total com- 
position. This information has been of great use to the intelligence sections 
of most drug enforcement agencies. These data have enabled forei^MC 
scientists to help narcotics investigators to trace illicit drug samples back 
to their sources and focus attention on the upper levels of the distribution 
sy>ten\. 

Thin Uiyer Chromato^aph's 

The development and worldwide distribution and use of textile fibers 
has made the forensic examination and comparison of fibers increasingly 
ditficuli. In a paper discussing the methods used in the forensic exami- 
nattim ot hairs and fibers. Rash suggested that further research be carried 
out on the development of methods for the extraction and comparison ot 
dvev used in the process of dveing synthetic fibers. A thin layer chro- 
matographv (TLC:^ method (sec box) for this purpose has recently been 
vlcvetoped.^'"^ The technique involves the extraction, separation, and corn- 
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panson ot Jyes from j^cncncally similar fibers. This method has resulted 
in increased discriminating power \n the analysis ot fibers that appear 
Nmiilar by microscopic examination.-*' 

h\ the TLC metht^d^ the dyes are extracted from a .semimicro-si:ed 
sample of textile fiber. This technique has the important advantage ot 



Thin Layer Chromatography 

Thin layer chranumgraphy is a technique for separating and analyzing 
compounds in mixtures. Separation takes place in a Ain layer of a porous 
medium such as alumina or silica gel coated on a glass plate or an inert 
plastic backing sheet. A small quantity of the sample mixture is placed at a 
specific location near one end of the plate or sheet. This edge of the 
assembly is placed in contact with a supply of a suitable "developing" 
solvent, which wets the absorbent layer and be^ns to migrate across the 
plate. The different constituents of the sample mixture are carried 
through the layer at different rates and separate from one another as a 
series of zones. 
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being nondestructive, which means that the fiber remains intact for further 
analysis or courtroom presentation. The extracted dyes are separated by 
using TLC, and the resuhing dye patterns are compared with known dye 
patterns. Textile dyes are not pure compounds and will generally separate 
into one major colored component and one or more minor colored com- 
ponents. The successful separation and comparison of textile dyes by TLC 
will, therefore, depend to a large degree on the resolving power of the 
individual solvent systems employed. Figure 5 illustrates the separation of 
identical samples of acid orange 128 in five different solvent systems. 
Solvent system I separated the dye sample into two colored spots, whereas 
solvent system IV separated the identical dye sample into five colored 
spots. Because most dyed textile fibers contain a mixture of dyes, the 
superior resolving power of solvent system IV would result in an increase 
in discriminating power throuj^h the formation of a more complex mul- 
ticolored dye pattern. This method has been employed by forensic sci- 
entists to discriminate among synthetic fibers that are the same genetically 
and appear microscopically to be dyed the same color. 



Fusion Microscopy 

The study of the morpholn^' (physical structure) and the optical prop- 
eriws (the way light is absorbed or refracted) of crystalline and pseudo- 
crystalline samples as they are heated and cooled is known as fusion 
microscopy. The evidential value of textile fibers has been discussed by 
many forensic scientists.'*''''^' Optical methods that can be used to char- 
acterize manmade fibers are essential to forenNic examination. A recently 
developed fusion microscopic method^-* for synthetic fibers im^lves the 
observation of the changes in birefringence with temperature. Birefringence 
IS the splitting of a light beam into two components that travel at difterent 
velocities. 

A small length ot fiber (5 mm) is mounted on a inicrt)Scope slide in 
Mlicone oil. The specimen is placed on a hot stage. The fiber is examined 
with a polarized light microscope at the position of maximum brightness. 
The thickness is measured, and the birefringence is then determined. The 
temperature of the hot stage is raised 2 ^C/min by the control unit. All 
changes are recorded at the temperatures at which they occur. The changes 
m birefringence are calculated from the data, and a plot of the changes 
in the logarithm of the birefringence versus temperature is made tor the 
hber specimeii (Figure 6). 

The graphs that are obtained have been useful in the identification 
and C(^mparison of synthetic fibers, and in the differentiation among similar 
specimens of synthetic fibers that originated from different sources. 
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Fi^jua' 5. Resoluriij poutr o/ /liv cli//erent solvent s\stL'ms il- 
lustrated throuf^h separation of identical samples o/ 
acid orange 12H (Du Pont, merpac'^l orange R. lot 
06666). (Courtesy of Ronald Resm. Ncu- Ytjrk Po- 
lice Luburators.) 
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Figure 6. Temperature versus hirefrm^ey\ce curves for im-o types 
of acetate fibers. Key : diacetate, — •; and triacetate. 
- -X , 

Plasma Emissioyi Spectroscopy 

The plasma emission spectroscopy (PES) method uses the principles 
t)f emission spectroscopy {see box) for the qualitative and quanti* nve 
analysis of elements. Some PES instruments can be used in two t? ,sic 
modes. The first mode, which is used for qualitative analysis, makes use 
of an echelle grating and a polaroid camera attachment. The echelle 
grating, using vertical as well as horizontal displacement, allows 28 wave- 
lengths (1910-8000 A) to be recorded on a 3 x 5-inch film. The location 
of the elemental lines on this film is facilitated with the aid of a standard 
template. This greatly simplifies the identification of the elemental com- 
position (Figure 7). The second mode utilizes a spectrophotometric unit 
that allows a specific element line to be focused and the intensity to be 
measured, thus quantitating the element, 

This instrument has been used in the elemental analysis of glass 
samples for the purpt)se of categorizing the glass into various groups, such 
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Figure 7. A phoiograph of the spectrum obtained by PES mth 
the lemplate used for element identification, (Cour- 
tesy of Tom Catalano, New York City Police Lab- 
oraurry.) 
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as structural window, container, auto windshield, and headlamp (Table 
1). The rationale behind this approach is to support the existing physical 
property measurements test, such as density, refractive index, and dis- 
persion hy placing the glass into a smaller group for comparison. The 
abihty to obtain qualitative information can also be very specific when 
unusual elements are luund to be present within the questioned and known 
samples t)f glass. However, for the actual comparison of known and ques- 
tioned glass samples, physical property measurements^'*'^'^ still provide the 
highest degrees of discriminatitm in routine use in casework 

This method has been employed in ac al casework. It has proven 
to be of great value in the categorising of glass fragments into usage class, 
and in helping to discriminate among glass specimens with similar physical 
properties. 



Serological Methods 

Several years ago, the science of forensic serology entered a renais- 
sance. As late as the mid l%Os the forensic serologist had reliable methods 
aviiilahle only for accurate typing of the ABO blood grouping system in 
dried bloodstains/^ The great majority of the population fell into the A 
or O grimps, while the remainder constituted the B and AB groups (see 
Tiblein. 

Because of the high frequency of the A and O types, the serologisrN 
determination of ABO blood grouping often proved to be of little value 
in discriminating between blood specimens from different individuals. In 
tact, human red blood cells ctmtam more than 160 types (groups) besides 
the ABO group, such as the MNSs and Rh groups. BKkkI types are also 
referred to as **genetic markers" or ^'antigens/* With the development t)t 
procedures capable of discriminating more genetic markers, the serologist 
could produce a far more detailed description of an individual's bloixl. 
Although a bloodstain still cannot be individualized as a **tingerpnnt." it 
can often be discnminated to a frequency tU' occurrence m the population 
ot greater than 1 in 50»000 or 0,001% of the population, 
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Table L Mean Percentage of Elemental Oxides Present in Various 
Types of Glass 



Glass Usage 


AJ.O, 


CaO 




MgO 


NaO 


Struttunil window 


0.158 


8.50 


0.123 


3.65 


13.53 


Aucii windshield 


0.150 


8.10 


0.555 


3.93 


12.90 


Headlamp 


1.370 


0.017 


0.060 


0.017 


5.40 


Container 


1.416 


8.266 


0.117 


0.283 


11.73 



Courtesy of Tom CatalanOt N.Y.C. Police LaU^rator>- 

Table II. Distribution of the Four Blood Types in the ABO Blood 
Grouping System in the U.S. Population 

Percent of 

Blood Group Population 

A 40 

O 42 

B 15 

AB 3 



Radioimmuywassa's 

Although radioininumoassay exists in many variations, the principle 
in most of these is that a competition is established between a fixed 
quantity of a radiolabeled antigenic substance* and an unknown amount 
of this same substance (usually present in some bioloj^ical fluid or tissue) 
for bmdmK to a fixed amount of monospecific antibody. If the biological 
san^ple lacks the substance, then all of the label will be bound to the 
antibody. If the sample contains an equal amount o{ substance to the 
labeled antigen, then 50% of the label will appear bound to the antibody; 
hence, the RIA is a quantitative assay with a sensitivity capable ot de- 
tecting the antigen in the nanogram (1 billionth of a gram) or picogram 
( 1 tnlhonth ot a gram) range. In addition, RIA procedures are simple and 
speeifiL, and their results are reproducible. This technique is important 
toxicologically as well as clinically. RIA procedures are currently available 
for assaying various drugs, protem and steroid hormones, and tuher bio- 
logically important substances. 

In order to develop an FIA, a specific antiserum must first be pro- 
duced. Drugs having a relatively low molecular weight are normally nc^t 
antigenic; however, they can be coupled to a carrier protein and can be 
injected into rabbits as a /uiptc^t antij^en conjugate to raise a specitic hy- 

'Svc Ch.ipter 9 tor victmitu>n> ot .in i -i. antiK>Jv. etc. 
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perimmune serum. Although this procedure requires the use of animals 
and usually requires a rather long period of immunization, it can be used 
to induce the production of antisera against virtually all compounds of 
clinical or forensic interest. Another consideration is that the rabbit will 
be a continuous source of the antisera for the remainder of its life. 

The first report of the use of an RIA for drug detection was in 1970 
by Spector and Parker/^ They developed an RIA for morphine, which 
ultimately led to the development of RIAs for the detection of other 
opiates, barbiturates/^ amphetamines/^ LSD/^ THC,'^^^^ methadone/^ 
and many o .r commonly abused drugs. 

An inv trant advantage of RIA is that this p'-ocedure can be used 
when large numbers of samples must be assayed, An RIA has been de* 
veloped and is currently being used to monitor the many patients on 
methadone maintenance programs. 

When small amounts of extremely potent drugs are invested or in* 
jected, they become rapidly diluted to concentrations belov. the detection 
capabilities of most conventional assays, Thus, although thin layer chro- 
matography and gas chromatography are quite sensitive and can be used 
for many drug assays, they are not as sensitive as RIA. In addition, in 
these procedures, the drug must first be extracted from the sample, GC 
can be time-consuming and is less useful when large numbers of samples 
must be examined in a relatively short time. 

There has been a marked increase in the overuse and abuse of very 
dangerous drugs over the past decade. Having available a simple assay that 
can determine minuie levels of a single drug or a combination of drugs in 
blood ur urine is proving to be very helpful in both the clinical and criminal 
justice context. 

In Summary 

Thus we are left with "crime's challenge to chemistry." What this 
means is that we must continue to develop new methodologies and to 
increase the state of our scientific knowledge. This will one day enable 
the forensic scientist to approach more closely the goal of individualizing 
all forms of physical evidence left at a crime scene: an awesome challenge 
indeed, but one which must be met. For when this is accomplished, the 
forensic scientist will be able to fulfill his most important responsibilities: 
better reconstruction of crimes and helping to prove unequivocally the 
guilt or innocence of the accused. 
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The Elemental Comparison 
of Bullet-Lead Evidence 
Specimens 



W hen a bullet is fired from a handgun (revolver or automatic pistol) 
or a rifle, it spins as it travels down the barrel, and the lands and grooves 
(Figure 1) of the striated gun barrel score the outer surface of the bullet. 
If the bullet is recovered in fairly good condition, a simple examination 
of it, with some magnification, will reveal the "class characteristics" of 
the eun barrel from which it was fired: number and dimensions of the 
lands and grooves, direction of twist (right or left), and angle of twist (m 
degrees). If such a bullet is then compared with a similar bullet test-fired 
in a particular gun (e.g., recovered from a suspect in a shooting case) in 
a comparison microscope, the detailed scratch marks C'tool marks") made 
on the bullet surfaces by the lands and grooves — if they line up exactly — 
can indicate to an experienced firearms examiner tha. both bullets were 




Fi^m I . Imcmrr vieu of a gim barrel shuuing lands and grooves. 
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fired from the sai... gun barrel If the two bullets are only the same in 
their class characteristics, but not in their tool marks, such a positive 
identification cannot be made. 

In a great many shooting cases, the fatal or injury bullet is fragmented 
into various pieces or is severely deformed. Comparison microscope 
"matching" of the bullet to a particular recovered gun is then impossible, 
and often even the class characteristics cannot be determined. In such 
cases, an elemental analysis of the bullet fragments (or samples of a de- 
formed bullet) and of the bullet portion of one or more unfired cartridges 
associated with a particular suspect can usually establish whether or not 
the bullet was produced from the same homogeneous batch of bullet lead 
as the bullet associated with the suspect. 

The Manufacture of Bullet Leads 

In general, commercial bullet leads may be put into two broad cat- 
egories: soft lead and antimony-hardened lead. Soft lead may consist of 
highly purified virgin lead, highly purified or moderately purified scrap 
(reclaimed) lead, or mixtures of both. Soft lead may contain less than 1 
ppm' (0.0001%) antimony (Sb) up to perhaps 1500 ppm (0,15%) anti- 
mony or even somewhat more. Harder leads are alloyed commercially with 
about 0.4% to 4% antimony — the more antimony, the harder the lead. 
Bullet/cartridge manufacturers usually specify maximum allov.*able con- 
centrations for antimony and various undesirable impurity elements. Typ- 
ically, they will accept hardened lead that is within about ± 10% of the 
specified antimony concentration. In general, then, soft bullet leads are 
over 99.8% lead, and hardened bullet leads are roughly in the range of 
95-^99% lead. 

Whether the bullet/cartridge manufacturer purchases bullet lead from 
a lead supplier or prepares his own bullet leads from lead and antimony, 
the procedure ts generally roughly the following. A hatch of lead ot the 
desired composition (also variously referred to as a lot, a melt, or a heat 
of lead) is prepared by melting the desired amount of lead (usually in the 
range of 1-70 tons), raising the temperature to well above the melting 
point ot lead ( 327 ""C), adding the desired amount of antimony (in the 
case of hardened lead), allowing time for the antimony to dissolve in the 
molten lead and mixing well, then pouring the bullet lead out into 80- 
90 pound ingots (also variously referred to as billets or pigs of lead). 

This description of the preparation of melts of bullet lead is simplified. 
Various producers, some or all of the time, employ different variations of 
the technique. In general, these variations result in smaller quantities of 
what IS teimed '^homogeneous" melts t)f lead. Also, in the boxing of 



'Ppm means parti per million piut^ by weij^ht. 
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completed cartridges (discussed later) bullets from more than one ho- 
mogeneous melt of lead may end up in the same box of cartridges, but 
this occurrence is not frequent. When it does occur, in the case of Sb- 
hardened bullets, all of the bullets in one box of cartridges will still have 
closely similar Sh concentrations (to meet specifications), but there may 
he two or even three measurably different combinations of Ag and Cu 
impurity concentrations. 

To manufacture bullets of a specific size, shape, and composition, 
the bullet/cartridge manufacturer then processes a large number of these 
lead ingots in a device that extrudes the lead as bullet-lead "wire" of the 
desired diameter. This wire is then automatically cut into sections of the 
correct length to correspond with the desired bullet weight and squeezed 
into a mold of the desired bullet shape (either with or without a **copper 
jacket/' as desired). Each formed bullet is then ejected into a storage bin. 
Later, the bullets are each fitted into a cartridge case that contains a 
primer and gunpowder, and crimped tightly in place. The complete car- 
tridges are then boxed (usually in labeled boxes containing 20, 50, or 100 
cartridges), and are ready for wholesale distribution. 

Bullet weights are expressed in grains. One gram is equal to 15.432 
grains or 0,035 ounce so a 10-gram bullet is a 154-grain or 0.35-ounce 
bullet. Bullets are made in the form of bare-lead bullets, semijac^ :d 
bullets^ and ''fully jacketed" bullets, and of various shapes (e.g., pointed, 
round-nose, holknv-point, "wadcutter") and sizes (weights and diameters). 
Semijacketed bullets have only the base of the bullet and part of the body 
of the bullet jacketed; some portion of the nose end is left unjacketed. 
"Fully jacketed" bullets have the entire lead core jacketed, except for the 
base end, where the bullet fits into the cartridge case, "Copper jackets" 
are actually made of brass; the most widely used compositions are 95% 
Cu/5% Zn. 90% Cu/10% Zn, or 87% Cu/13% Zn. 

The main purpose of jacketing bullets is tt^ reduce the "fouling" of 
gun barrels by the softer lead, with repeated use. If a fairly thick jacket 
IS used, it also contributes to the mechanical strength of the bullet upon 
impact, making it possible to cse soft lead in the cores of such bullets 
(although, commercially, even such heavily jacketed bullets often employ 
lead cores uf antimony-hardened lead). Some military ammunition utilizes 
steel jackets (often nickel-plated), mstead of copper jackets. Cartridge 
cases are usually made of a 70% Cu/30% Zn brass, in some cases nickel- 
plated 'o reduce corrosion. 

The gunpowders used usually consist of particles of certain types and 
sizes, made up of a mixture of nitrocellulose and nitroglycerine. For all 
gun calibers except 0.22-caliber guns, each cartridge has a "center-fire 
primer" cup pressed into the center of the base of the cartridge (most 
0.22-caliber cartridges instead employ a "rimfire primer"). When a car- 
tridge is placed in the firing chamber of a gun and the trigger is squeezed, 
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the firing pin impinges upon the shock-sensitive primer, causing it to 
detonate. When it detonates, it emits a jet of flame into the gunpowder, 
setting it off. Explosion of the gunpowder generates a very high pressure 
within the cartridge, causing the press-fitted bullet to separate from the 
cartridge case and accelerate down the barrel of :he gun (spinning as it 
goes, due to the land-and-groove spirals) and our th^ muzzle of the gun. 

With revolvers, the cartridges are lusded into a rotating cylinder. 
Typically, these cylinders hold up to six cartridges (hence the common 
term, "six-shooters"). After each cartridge is fired, the empty cartridge 
case remains in the cylinder, and the cylinder rotates so as to align the 
next cartridge with the base end of the gun barrel. With automatic pistols 
and rifles (except for single-shot varieties), the cartridges are loaded into 
a magazine, or clip. When one cartridge is fired, the empty cartridge case 
is ejected, and the next cartridge is moved into place in the firing chamber. 

The Instrumental Neutron Activation Analysis of Bullet* 
Lead Specimens 

The method that 1 use for analyzing bullet-lead specimens is called 
instrumental neutron activation analysis, or INAA. This method is also 
used by the FBI laboratory and various other law enforcement laboratories. 

Beginning in 1962. my coworkers and 1 embarked on an extensive 
investigation of the possible applications of the method of neutron acti- 
vation analysis (NAA) m the field of scientific crime investigation. These 
studies soon led to the development of the NAA method for the detection 
of primer gunshot residue on the back of the firing hand,'"^ and to the 
INAA comparison of evidential specimens of bullet lead, -"* r^*i^^^ paper,^ 
and v>ther materials. Even small samples (usually 10-30 mg) of bullet lead 
can be analyzed rapidly, quantitatively, and nondestructively for their 
concentrations of Sb, Ag, Cu. As, and sometimes Sn. 

Background samples of bullet leads of various known manufacturing 
origins (e.g., those marketed by Remington-Peters, Winchester- Western, 
Federal, Speer, and Sierra) and of various types and calibers, as well as 
evidential specimens from selected actual criminal cases, are analyzed in 
our laboratory by two INAA procedures. The first is a rapid-scanning 
procedure^ (see box), and typically involves an irradiation time of 40 
seconds, a decay time of 40 seconds, and a counting time of 40 seconds. 
Samples (each in a small polyethylene vial) are activated with neutrons 
in a nuclear reactor and then counted in a gamma-ray spectrometer in 
sequence, one at a time (along with standard samples of Sb, Ag, and Cu). 
The lower limits of this procedure are typically about 50 ppm Sb, 1 ppm 
Ag, and 10 ppm C^u. Because the great majority of bullet leads have 
concentrations of these elements that are a great deal higher than these 
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levels, the rapid-screening method is usually all that is needed to determine 
the.se three elements to quite good precisions. 

However, in those instances in which ( 1 ) the rapid-screening method 
does not provide adequate measurement precisions for Sb or Cu (due to 
unusually low concentrations, or instances in which less than 1 mg ot 
sample is available), or (2) measurement ot the As concentration is desired, 
a longer procedure is used/"' In our laborator>", this procedure"^ typically 
involves the simultaneous irradiation in the reactor ot up to 40 samples 
and standards for 1 hour. Then, ctnnmencing at decay times ot the order 
of one to a few hours, each activated sample is counted on the gamma- 
ray spectrometer, in successum, for 5 or 10 minutes. This longer procedure 
detects and measures three elements in bullet-lead samples (Sb, Cu, and 
As), but not Ag. 

A fifth element, tin. can sometime^ he detected and measured in 
bullet-lead samples by INAA, but with less accuracy than the other four 
elements, and it requires an irradiation time/decay time combination m 
between that used in the rapid-screening method and the longer method. 

\n geiwral. if the rapid-screening procedure reveals marked ditterences 
in the elemental composition (Sb. Ag. and C:u concentrations) ot two 
bullet' lead samples (e.g., a sample from a fatal bullet, and one from a 
cartridge found in the possession of a suspect), it is apparent that tlicy 
were not produced from the same homogeneous melt ot lead, and hence 
no further analysis is necessary. If, bowever, the two samples being com- 
pared are analytically indistinguishable from <me another m their ob. Ag, 
and CIu concentrations, it is desirable :o alsti compare them via their As 
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concentrations by using the longer procedure to provide four points of 
comparison instead of just three. In crucial cases, it is even worthwhile 
to use a third (intermediate) INAA procedure, in an effort to detect and 
measure a fifth element, Sn. If successful, this measurement would then 
provide a total of five points of comparison for the decision as to whether 
the two samples came from the same homogeneous melt of lead. 

Because of an inadequate background file of bullet-lead compositions 
and for other reasons, it is not possible to make an accurate calculation 
of the mathematical probability that two analvMcally indistinguishable 
bullet-lead samples were produced from the sari: homogeneous melt of 
lead, histead, one must resort to more qualitative expressions, such as 
"pr<)bablv" (if only three elements were measured), "very probably" (if 
four elements were measured), or '^highly probably". (if five elements were 
measured). Depending in individual cases on how relatively common or 
uncommon the observed concentrations are (among the whole population 
of bullet leads) and on how accurately and precisely each concentration 
was measured, these three qualitative expressions of probability of a com- 
mon melt origin may correspond, respectively, to probabilities of the order 
of perhaps 99. 99.9, and 99.99%. 

It is also feasible, if necessary, to detect and measure elements besides 
Sb, Ak, Cu, As, and Sn in bullet-lead samples if one is willing to consume 
perhaps 10 mg of sample and to spend the additional time necessary. 

In the FBI laboratory, the longer INAA procedure is employed, but 
not the rapid-screening procedure. As a result, they routinely determine 
Sb, Cu. and As m bullet-lead samples. Unfortunately, many samples are 
too low in As for very precise measurement. Another difficulty is that 
bullet fragments and samples taken from mashed bullets often have bits 
of copper jacket imbedded or buried in them (if the bullet was a copper- 
jacketed bullet), thus resulting in spuriously high measured copper con- 
centrations. Of course, such jacket contamination of the sample also 
I produces erroneously high copper values in the rapid-screening INAA 

procedure. Whenever such useless copper values are encountered, the 
longer INAA procedure reduces to just two useful elements (Sb and As, 
if the As concentrarion is high enough), and the rapid-screening INAA 
procedure also reduces ro just two useful elements (Sb and Ag). In such 
cases of copper contamination, it is especially desirable to use both INAA 
procedures to determine a possible total of three useful comparison ele- 
ments (Sb, Ag, and As). 

In preparing bullet-lead samples for INAA measurement, specimens 
of bullet fragments or fired bullets from the crime scene or victims (usually 
designated as "Q'* samples) . and pieces cut from bullets of unfired cartridges 
connected with a suspect (usually designated as **K" samples, since their 
brand is known), are examined u' ler magnification to ascertain whether 
there is any visible evidence of . .ering jacket material. If there is, one 
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attempts to remove the jacket material with a surgical scalpel In our 
laboratory, such samples are then further processed by immersing each 
sample in concentrated nitric acid for 10 minutes at room temperature.'^ 
This procedure will dissolve away any specks of adhering jacket material 
without dissolving any measurable amount of the lead material However, 
even this acid-treatment procedure fails if there are jacket particles com- 
pletely imbedded in the lead and inaccessible to attack by the nitric acid. 

Bullet-lead elemental compositions presented in court in criminal 
cases usually include only three elements: Sb» Cu, and As (if analyzed by 
the FBI laboratory) or Sb, Ag, and Cu (if analyzed in our laboratory by 
the INAA rapid-screening procedure). 

Applications in Some Illustrative Criminal Cases 

INAA has be used, in toto, for the analysis of several thousand 
bullet-lead evidence specimens (of both unknown and known brand origins), 
involved in many hundreds of criminal cases. The results of such analyses 
and their interpretations have been presented in U.S. courts in hundreds 
of cases. A few illustrative, rather well known, cases in which I conducted 
the analyses are briefly summarized as follows. 

The SLA Shooiout 

On May 17, 1974, six members of the "Symbionese Liberation Army" 
barricaded themselves in a house in Los Angeles and engaged in a wild 
shootout with Los Angeles Police Department SWAT members. In the 
course of the shootout, each side fired some 4,000 to 5,000 numds of 
ammunition. Finally, the house caught fire, but firing from the house 
continued for a time. After the fire had been put out, the badly burned 
bodies of the six SLA members were found in the ruins. Autopsies per- 
formed in the Los Angeles County Coroner's Office established the iden- 
tities of the six bodies, and their causes of death (gunshot wounds or fire). 
The leader of the SLA, so-called "Marshall Cinque" (his real name was 
Donald De Freeze) was found to have died from a through-and-through 
bullet wound to the head— in one side, out the other. The fatal bullet 
was never recovered, but along the wound track in the head the bullet 
left quite a number of small piece« of bullet lead because ii struck bone. 

For a variety of reasons, it was felt necessary to establish whether De 
Freeze had been killed by a SWAT bullet or had committed suicide as 
the gun battle drew to a close and the fire in the house spread. We first 
analyzed ten of the small bullet-lead fragments found aloi^g the wiMind 
tnick in Dc Freeze's brain, replicate samples cjf bullet lead fnmi the three 
kindN of ammunition he had been finng (0. 38-caliber revolver ammuni- 
tion, unexploded cartridgeb found by his body), and replicate samples of 
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bullet lead from some twelve kinds and brands of ammunuion used by 
SWAT in the gun fight. The rapid-screening INAA method quickly 
eliminated all twelve kinds of SWAT ammunition, and two of the three 
kinds of ammunition that De Freeze had been firing. At this point, it 
appeared likely that he had committed suicide. 

However, concurrent measurements of wound'track particles, con* 
ducted by Ronald L. Taylor at the Los Angeles County Coroner's Labo- 
ratory', revealed that the fatal bullet was a nicke^ coated steel-jacketed 
bullet. Because all of the SWAT ammunition and all of De Freeze's 
ammunition was copper-jacketed, this finding was indeed puzzling. Then, 
information was received that one of the SWAT members had been firing 
nonregulation World War II surplus 9-mm military ammunition, steel- 
jacketed. A search revealed that thirteen aifferent kinds of World War 11 
surplus 9-mm militaiy ammunition were widely available in the United 
States. All of these were jacketed with nickel-plated steel. 

Specimens of all thirteen of these foreign-made cartridges were ob- 
rained, and we analyzed their bullet leads by INAA, Twelve of them 
showed markedly different elemental compositions than that of the fatal 
bullet fragments, but one showed essentially an identical composition. 
This one was from a cartridge manufactured in Czechoslovakia m 1941 
(during the German occupation). Both the fatal bullet fragments and this 
one were of very high purity, sof. lead, containing only a tew ppm each 
of Sb, Ag, and Cu. 

The final conclusion was that De Freeze did not commit suicide, but 
instead was killed by a nonregulation 9-mm steel-jacketed SWAT bullet, 
probably manufactured in Czechoslovakia in 1941. 

The Oscar Bonavena Homicide 

On M.iy 22, 1976, Argentine heavyweight boxer Oscar Bonavena 
wab bhot and killed at the Mustang Ranch in Nevada, the biggest and 
most '^celebrated*' legal brothel in the United States. He was hit by a 
Mngle bullet, which passed through his body and was never recovered. 
However, at autopsy (performed tor the Nevada authorities by the Los 
Angeles County Coroner ^ Office) . many small fragments of the tatal bullet 
and one o\ bullet-jacket material were found along the wound track. 
Measurements by Ronald L. Taylor revealed that the bullet-lead fragments 
were of antimony-hardened lead, and that the jacket material was a br.^.ss 
ot apprc^ximately 95% Cu/5% Zn composition. 

Witnesses o^erved tH'o men firing at Oscar Bonavena with ritles: 
one with a 30.06 ritle, the other with an AR-15 rifle (0. 22 3-caliber 
ammunitiim). Both men fled the scene, discarding the ritles. Four untired 
cartridges were found m the 30.06 rifle, and nvo m the AR-15 rifle. 
Measurements by Ronald L. Taylor revealed that the 30.06 bullets were 
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of antimony -hardened leid and they were jacketed in 95% Cu/5% Zn 
brass. Taylor could not detect antimony in the 0.223-caliber bullet lead, 
but could show that they were jacketed in 90% Cu/iO% Zn brass. 

We then analyzed ten of the fragments of the fatal ballet, the four 
recovered 30. C6 bullets, and the two 0.223<aliber bullets by INAA. The 
results w' .e quite conclusive, and further confirmed Taylor*s results. The 
ten fragments of the fatal bullet averaged 4.85 ± 0.29% Sb, 44 ± 6 ppm 
Ag. and 780 ± 120 ppm Cu, and the four 30.06 bullets averaged 4.72 
± 0.15% Sb. 38 4 ppm Ag, and 47C ± 300 ppm Cu. By contrast, 
the two 0.223'caliber bullets averaged 0.75 ± 0.03% Sb, 71 ± 2 ppm 
Ag, and 300 ± 40 ppm Cu. Because one of these two kinds of ammunition 
defiiately killed Oscar Bonavena, it was clearly the 30.06 ammunition 
rhat did so. The man who was firing at Bonavena with the 30.06 rifle 
was identified as Ross Brymer, a bodyguard of the brothePs owner. Despite 
the solid first-degree murder eviacnce against him, he was not prosecuted 
for first degree murder. Instead, much later, he pleaded guilty ro a lesser 
charge, was given a two-year sentence for voluntary manslaughter, and 
served an even shorter lerm in prison. 

The Assassination of President John F. Kennedy 

On November 22, 1963, President Keimedy was shot and killed by 
ritle fire in Dallas during a mot >rcade. Shortly thereafter, the suspected 
assassin Lee Harvey Oswald was captured, but only after he had shot and 
killed ci Dallas police otficer who was attempting to arrest him. Oswald 
was seen to shoot the officer with a 0.38-cnliber revolver. On rhe sixth 
floor of the Texas Book Depositoi^ building, from whence the rifle shots 
had come, police found a Mannlicher-Carcano (MC) 6.5-mm rifle (with 
one unfired cartridge still in it) and three spent Western Cartridge Com- 
pany ^WCC/ 6.5'mm MC cartridge cases. The consensus of opinion 
amonK witnesses was that three rifle shots emanated fn^m that room when 
the President and Texas Governor John C;:onnally were hit. Oswald was 
r.ever brou^lu to trial for the assassination, because, two days later, while 
being transferred by police, he himself was shot and killed by Jack Ruby. 

The new President, Lyndon B. Johnson, appointed a commission, 
headed h U.S. Supreme Court Chief Justice Earl >X/arren, to conduct an 
in-dcpth inveiitigation ot the assossinarion. In the fall of 1964, the Warren 
CommisMon issued its report'^' on its findings. They concluded that Pres- 
ident Konncdv had betn killed and Governor Connally seriously injured 
bv MC bullets fired ivom the Book Depository buildii^g by Oswaid. They 
also concludevl that there v/as no solid evidence that anyone else fired any 
>hoiN at the fine. 

The Warren Commn sum Report genoiated a great deal of discussion, 
speculation, and disagret:ment, and resulted m numerous books, mostly 
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disasreeing with at least various parts of the Commission Report and 
proposing other theories as to who fired the shots that killed the President. 

Some years later, we reviewed all of the FBrs dnta that pertained to 
the MC rifle, the MC ammunition, and their INAA and other exami- 
nations of the various recovered bullet^lead fragments and portions of the 
bullet jackets. The results (Sb and Ag only) showed that the various 
bullet-lead fragmems recovered from the victims and the limousine were 
generally similar in composition to the WCC 6 5-mm MC type of bullet 
lead, but could not establish for sure whether ^ r not some additional kind 
of ammunition might have struck, or whether or not more than two bullets 
struck. Micr(^scopic examination did establish quite firmly that the "stretcher 
bullet" (an only slightly damaged bullet found on Governor Connally's 
stretcher, and termed by some the '*magic bullet") had been fired from 
Oswa!d*s rit'le» and that the recovered nose-end portion of a bullet jacket 
and the recovered base-end portion of a bullet jacket (recovered in the 
limousine) were btnh fired from his rifle. 

In 1977, the U.S. House of Representatives appointed a Select Com- 
mittee on Assassinations to conduct intensive reinvestigations ot the as- 
sas;»inarions of President Kennedy and of Martin Luthci King, Jr. The 
Select CAimmittee asked me if I would agree to reanalyze all of the bullet- 
lead evidence .pecmiens involved in the Kennedy assassination, again by 
INAA but using .nore modem equipment. 

Details of my new, and this time definitive, analyses of the bullet- 
lead specmiens have been reported elsewhere,'' so only the results will be 
repeated here. They showed that specimen CE-399' (the Connally stretcher 
bullet) arid specimen Cl:l-842 ifragments recovered from Connally's shat- 
tered right wrist 1 closely marched one another in their Sb and Ag con- 
centrations: mean values of 815:1:25 ppm Sb and 9. 30 ±0.71 ppm Ag. 
The other three specimens analyzed, CE~567 (a large fragment found in 
the car), CE-843 (fragments recovered from Kennedy's brain), and CE- 
840 (small fragments found in the car), agreed closely with one another 
in their Sb and .Ag concentrations: mean values c,{ 622 :t 20 ppm Sb and 
8.07:^:0.15 ppm Ag. These mean values are markedly lower in Sb (622 
versus 815 ppm) and somewhat lower in Ag (8.07 versus 9.30 ppm) than 
the mean values for specimens CE-399 and CE-842. Clearly, the results 
.showed the presence of two bullet leads of analytically quite distinguishable 
compositions, and showed no evidence for the presence of more than two 
bullet leads. C^>pper was alsi^ determined in all five specimens, but the 
re.^ults were not so clear: the CiMinally stretcher bullet (CE-399) showed 
a C:u value ot 58 :t: 3 ppm. whereas the CE-567, CE-843, and CE-840 
spccunens showed a mean value of 41 :^: 1.7 ppm Cu, The fragments from 
Cnn ernor Connally\ wn.»t (CE-842) showed a very high Cu concentration 
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(994 ppm), indicating ihat they were probably contaminated with imbed- 
ded copper jacket material, and hence invalidating th«* luefulness of the 
copper value. Incidentally, the INAA results ?Jso showed that all of the 
specimens were largely composed of lead, the mean Pb concentration (not 
measurable with high precision) being 98. 7 ±3.9%. 

In this case, it was possible to distinguish by INAA the presence of 
two bullet leads, even though of the same brand and fired on one occasion 
from the same rifle, and hence probably taken from the same box (of 20) 
WCC cartridges by Oswald. Normally, for most brands of ammunition, 
all of the bullets of the cartridges in a given box of cartridges are analytically 
indistinguishable from one another. However, the history of these WCC 
6.5'mm MC cartridges is strange. Four million of them were produced in 
1954 by WCC for the U.S. Army. Apparently, they were intended to be 
used outside of the United States, by others, because the U.S. Army does 
not use 6.5'mm Mannlicher-Carcano rifles (an Italian World War II 
military rifle). At some time prior to the 1963 assassination, sizable quan- 
tities of this ammunition reentered the United States and were sold in 
war sur^'lus stores. At least much of it arrived back still in the original 
WCC^ cardboard boxes of 20. but packed into crates coming from Greece. 

At some point in their history, the bullets produced in the many 
melts of lead used by WCC to manufacture the four million cartridges 
were pretty thoroughly mixed in the boxes. I had established this fact^^ 
some years before the 1977 reinvestigation study. In measurements of manv 
samples taken from various purchased boxes of this ammunition, many 
different bullet-lead compcUrions were found in any one box of cartridges. 
Although all met the original U.S. Army specification of soft lead 99.85% 
lead), their Sb concentrations ranged from 15 to 1200 ppm, the Ag 
concentrations from 5 to 22 ppm, and the Cu concentrations from 10 to 
370 ppm. 

I also disassembled the one unfircd MC: 6.5-mm WCC cartridge (C:E- 
141) found in Oswald^ ritle, took a small sample of its bullet lead, then 
reassembled the cartridge. This bullet sample was then analyzed by INAA 
and tcnmu to be quite ditterent in eleinenral composition from the other 
twvi MC bullets fired bv Oswald, being only 15 ppm Sb, but 22 ppm Ag, 
and 22 ppm Cu. This bullet had n:u been analyzed previously. The WCC 
bullets were ivily jacketed (3.30 grams of 90% Cu/10% Zn, 
completely surmunding a T.M-gram lead core, except at the open base 
oi ihe bullet). 

In September of 1978, I presented my findings ai the Public Hearings 
held in Washington, D.C. by the Select Committee. Thebe findings, 
which miuht have disagreed with the original NX'arren Commissicm hy- 
porhe.sis o\ rnlv one man (Oswald), and two Oswald MC^ bullets that 
struck occupants of the limousine, instead served ro reinforce their original 
co--,luMt>n. The other bMllet fired by Oswald (very hkely the first one he 
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fired) apparently missed its mark and was never found— just its empty 
cartridge case in the book depository building. His second shot struck the 
President in the back, exited from his throat, entered the Governor's 
back, exited from his chest, shattered his right wrist, and then» nearly 
spent, slightly penetrated his left thigh, to fall out on his stretcher at the 
hospital. This bullet left no particles along the wound track in either the 
President or the Governor, and hence was not damaged (even though it 
broke one of the Governor's ribs in a glancing blow) until it struck the 
Governor s right wrist. Here, it suffered a dent in its nose and it lost about 
1% of its lead [recovered as several small pieces (CE-842)]. Oswald's third 
and final shot, the fatal shot, struck the President in the back of the head 
and exited in the right froac of the head, the bullet fracturing into a 
number of pieces (CE-567, CE-840, and CE-843). 

My findings, of course, neither prove nor disprove the various con- 
spiracy speculations, such as someone, in addition to Oswald, firing from 
some other location such as the "grassy knoll." They do show that if any 
other persons were firing, they did not hit anyone or anything in the 
President's limousine. 

References 

' Ruch. R. R.; Guinn. V, P.; Pinker. R. H. Trans. Am. Sud Soc. 1962, 5, 282 
(followed by mure extensive paper in Nuci Sci. Eng. 1964. 20, 381-85). 

• Schlesin^'er» H. L.; Lukens, H. R.; Guinn. V. P.; Hackleman, R. P.; Korts, R. 
F. "Special Repoi on Gunshot Residues Measured by Neutro.. Activation Analy- 
sis/' U.S. Atoiuic Energy Commission Report GA-9829, 1970. 144 pp. 

M-ukcns, H. R.; Guinn, V. P.J. Forensic Scu 1971. 16, 301^. 

Lukens. H. R.; Schlesingcr. H. L.;Uuinn. V. P.; Hackleman, R. P. U.S. Atomic 
Enei-jiv Commission Report GA-10141, 1970, 48 pp. 

' Schlcsmuer. H. L.; Lukens. H. R.; Bryan. D. E.; Guinn, V. n.; Hackleman, R. 
P. U.S. Atomic Hncr^v Cimimission Report GA-10142, 1970. 261 pp. 

M-ukens. H. R.; SchlcMnyer, H. L.; Settle. 0. M.; Guinn. V. P. U.S. Atomic 
Hneruv C:onimission Report GA-1C11 3, 1970. 50 pp. 

• CJumn. V. P.; PurcoU, M. A. J. Riuhoanal Chem. 1977, .^9, 85^91, 
"Clumn. V. P. J. Rtuliotmu/. Chem. 1982. 72, 645-64. 

Mrak-Riran. T.; Gumn. \\ P.; PurcelK M. A. j. Foremic SVi. 1980. 25. 374-79. 

'^'^'arren ClommisMim, ''Report ot the President^ Commission on the Assassi- 
natioii v)t President John F. Kennedy.'* U.S. Government Printing? Office: Wash- 
in^tim, IX:, 19M. 888 pp. 




ERIC 



The Elemental Comparison of Bullet-Lead Evidence Specimens 



77 



"Guinn. V. P. Anul. Chem. 1979, 51. 484A-493A. 

'Mzak-Biran. T.; Guinn. V.P. Tram. Am. NW. Soc. 1978, 28. 94. 

"Guinn. V. P.; hak-Biran, T.; Purcell. M. A.; Cassorla, V.; Nichols, J. Trans. 
Am. Sud. Soc. 1979 , 32, 188-89. (See also Guinn, V. P.; Nichols, J, Tmm. 
Am. NWi Soc 1978, 28, 92-93.) 



S7 




o ' PS 

ERIC 



/ 

^ 



Bloodstain Analysis 

Case Histories 

Frances M. Gdovjski 

It is l%5. A man is apprehended by the police two miles from the scene 
of a homicide. There are bloodstains on the man's shirtsleeve; the police 
suspect that the blood came from the victim. The man tells the police 
that he was in a fight two weeks before and it is his own blood on his 
cKnhing. Later, the bloodstain is analyzed and found to be Group O; both 
the vicrun and suspect are Group O. The fact that all three blood groupings 
are the same prevents the police from either including or excluding the 
apprehended man as the suspect. 

Background 

Until the early 1970s, analysis t>f bloodstain evidence in the United 
States was limited to three basic types of testing: (1) identifying a stain 
as blood, (2) identifying the staii^ as being of human or ai^imal origin, 
and identifying the blood group. These analyses were of limited u.se 
to the investigator because blood groups such as A and O occur in a sizable 
portion of the population (Table 1), and if both the victim and the suspect 
have the same blood group, one sample could not be distinguished from 
the other. 



Table I. United States Blood Group Frequencies (percent) 


Group 


White 


Black 


o 


45 


49 


A 


40 


27 


R 


n 


20 


AB 


4 


4 
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In 1967, Brian Culliford of the Metropolitan Police Laboratory found 
that the enzyme phosphoglucomiitase (PGMi) could be detected in dried 
bloodstains.^ This finding proved useful to the bloodstain analyst as well 
as the forensic investigator because this enzyme is polymorphic* and it 
occurs in the population in frequencies that could be useful to the inves* 
tigator (Table II). 

Since then, several gen^?cic markers, including both enzymes and serum 
proteins, have been found to be detectable in dried bloodstains and have 
been used in forensic analysis (Table III), In addition, several of the genetic 
markers have been found to be polymorphic in a specific racial group; one 
example is transferrin, a serum protein in which the phenotype CD is rare 
in whites, but occurs in 8-10% of the black puj^ulation/ 

How does this type of analysis aid the investigator? 



*Si;e (Jlossary on p. 85. 



Table 11. New Jersey Phosphogiucomutase (PCMj) 



Frequencies (percent) 



Phenotype 


White 


Black 
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59.9 


66.5 
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Table III. Representative Sample of Genetic Markers 
Identified in Bloodstains 
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Glvoxalase 1 (GLO 1) 
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Haptoglobin (Hp) 




PhoNpho^luconuiiase (PGMi) 




Transterrin (TO 
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Bloodstain Analysis: Case Histories ^1 

• h provides a genetic profile of both the victim and the suspect. 

• It increases the discrimination potential of a specific bloodstain 
because it lowers the frequency of occurrence of the stain in a given 
population. 

• It provides the capability to distinguish between two persons of the 
same blood group, 

• It can, in some instances, indicate the possible racial origin of the 
bloodstain. 

The value of these genetic analyses is illustrated in the following three 
case histories. 

Case 1 — E.S. Rape 

In November of 1979. a woman (E.S.) reported to the police that 
she had been raped. She stated that her assailant was black and had gained 
entrance into her third-stDty bedroom by breaking through the glass door 
leading from her balcony. The man had pulled the phone from the wall, 
threatened the woman, then raped her. Blood from a cut on the man's 
hand was left on the victim's nightgown. The nightgown and a sample 
of the victim's blood were submitted to the laboratory tor analysis. 

The victim's blood was analyzed and was shown to be Group O and 
to exhibit the genetic markers shown in the top row in Table IV. Next, 
the bloodstain on the nightgown was analyzed and the results were com- 
pared to the victim's blotid control (middle tow, Table IV). Although 
both the victim's blood and the bloodstain were Group O, the bloodstain 
did not originate from the victim because the other genetic marker phen- 
otypes were different. The identification of the Tf phenotype CD in the 
stain from the nightgown indicated that the stain could have come trom 
a black person, thus corroborating the victim's statement that she was 
raped bv a black man. 

Calculating the frequency ot occurrence in rhe black population ot 
blood Group O and the genetic markers identified in rhe bKxidstain in- 
dicates that 0.}% of the populatuui would be expected to have these 
phenotypes; or, 99.7% of the black population was eliminated as being 
the source of this bloodstain. 

Case 11 — E.S. Homicide 

Three weeks after she had beei^ raped. E.S. wa> fouiul brutally mur- 
dered m her bedroom. The bedrviom was strewn with bloodstained items 
and burnt newspapers; the phone had been ripped from the walL 
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Table IV. E,S, Rape — Blood Analysis Results 
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The perpetrator appeared to have entered her bedroom through the 
broken pane in the balcony door. A search of the balcony was conducted 
and a bloodstained red bandana was collected. This item and other blood- 
stained specimens were submitted to the laboratory for analysis. Com- 
parisons were made of the blood from the scene with the victim's blood 
to determine the locari'^"^ and instruments of the assault. 

Case 111 — A^C. Homicide 

Approximately two weeks after the E.S. horaicide, a second woman 
was found brutally murdered in the same city. Her body was found in the 
upstairs hallway in a condition similar to that of E.S, Her bankbook was 
found in the toilet; her car and credit cards were stolen. 

Two days later an off-duty patrolman identified the woman's car 
parked outside a sporting goods store. He waited until a man emerged 
from the store and unlocked the car. The officer then arrested him. The 
defendant's clothing was bloodstained, he had the victim's credit cards in 
his possession, and he was black. 

The victim's and suspect's blood controls were analyzed; the genetic 
markers present in each control were compared with the genetic markers 
identified from the suspect^s bloodstained clothing. The genetic markers 
identified indicated that the blood on the suspect's clothing did not orig- 
inate from the suspect and could have originated from tlie victim (Table 
V). 

Because of the brutality of both the A.C and E.S. homicides, the 
police suspected that the defendant, K.A., was involved in the E.S- 
murder. When the suspect was questioned, he strongly denied having any 
knowledge of the E.S. murder or rape, but the analysis of the physical 
evidence indicated otherwise (Table IV). When the blood group and 
genetic markers of the bkx^dstain from the nightgown in the E.S. rape 
were compared with the blood group and generic maimers identified in 



Table V* A.C* Homicide— Blood Analysis Results 
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the suspect's blood control both the blood group and the markers were 
found to be the same, indicating that K. A. may have been the perpetrator. 
K. A. was again questioned regarding the E.S. homicide and denied being 
at the scene. The suspect's blood was then compared to physical evidence 
collected from the E.S. homicide (Table VI). 

The specimens collected from the victim's bedroom excluded the 
suspect as the source of the blood; however, the genetic markers identified 
on the bloodstained bandana found on the balcony outside the bedrooir 
compared to those of the suspect, K.A. When the police were notified 
of the possible connection between the suspect and the E.S. homicide, 
they expressed some doubt. Two days later, however, fingerprints on the 
damaged phone from the victim's bedroom were identified as those uf 
suspect K.A. 

The suspect K.A. was subsequently tried and convicted for both the 
E.S. and A.C. homicides. He was also indicted for the E.S. rape but was 
not tried because the victim was no longer living. 

Both homicides relied heavily on physical evidence. In the A.C. 
homicide, the bloodstain analysis was used in conjunction withfingerprintjj 
of the suspect later developed at the scene as well as his possesion of the 
victim's stolen car and credit cards. In the E.S. homicide, the bloodstain 
evidence was used as an investigatory tool for the police agency. In both 
cases, the bkxidscain analysis proved tt) play an integral part in the iden- 
tification of the victims assailant. 



Table VI. E.S. Homicide — Blood Analysis Results 
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Bloodstain Analysis 

Serological and Electrophoretic 
Techniques 

Lawrence Kohilirisky 

Forensic ^crt^lo«i^rs play a vitiil role it^ our criminal justice system. They 
will otren rake advantage ot knowledge gained tu-er the past decades in 
the biochemicaK immunological, and biomedical sciences to solve prob- 
lems related to violent crimes such as rape, homicide, and assault as well 
as nonviolent le^al situations such as disputed paternitv. 



Serology and Serologists 

Scv()!f>ji,^ IS a subdi>cipline o\ immui^^loi^y and has become a ^reat deal 
more than simplv "the .dv ot serum" as its name implies. The sc^x^lo^ist 
utilires the various metht^ds of analysis t^t" anti^jens and antiK)dies and the 
reaction> that occur between them to characterize a sample ot bitilo^ical 
material, such as blood, or a particular component of that heterogeneous 
.sample. 

An (171(1.1,^71 is a substance that, when introduced intt^ the InUy ot an 
animal (by injection, inhalation, ingestion, etc.), elicits a specitic immune 
response. The substance in general must be "foreign" to the animal and 
thus u cognizcd as non-self and also must be of at least a critical si:e and 
ot a minimal degree of complexity. ExampL.i of antigens are bacteria, 
viruses, ragweed pollen, dust, drugs, and the constituents o\ blood. An 
tmti/>nci>. also termed an /m7nunn^lnhu/m. is a bkn^d protein pn)duced by 
plasma cells m respi^iise xo stimulation with an antigen. An antibc^ly will 
combuu^ specificallv with its hv^mologtuis antigen, that same antigen that 
elicited antibody productum. 

Manv procedures used by the serologist result m the combination ot 
an antigen and an antiK^ly to form an mmuoie complex, e.g.. 
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aiuiKcii imtibody ^ aniiyLMwintibody complex 

At times, additituv;! tcchiiiqucs arc iiccJed to demonstrate that this re- 
iKtio!^ lias taken place. Ft)r cxan\ple, usinK radioactive tracers such as 
'^'iodine-labeled antigen, one can dctermii'ie if '''! is present ii'i the I'lewly 
formed complex (' ^4-anti^e!l-antihodv), Similarly, using tluoresceiu dye- 
tagged antibodies, one can detect if a complex has formed by determining 
if it coi\tains the fluoresceni marker. 

Oft'vMi, however, the formation of ai'i immune complex results in a 
visible reaction such as a precipitation or an agglutination. This reaction 
will usually require iiKubation of the reagents at the proper temperature 
for some period of time. Whether or not a visible reaction will occur 
depends on the iiature of the reaction, the solubility and size of the antigen, 
the type of antibody, the temperature, the prcsei^icc of additioiual serum 
factors, and other such factors. Precipitation reactions are easily observed 
after a variable rime period following the mixing of the soluble antigen 
and antibodies. Afi^luiinatum is the clumping together t>r flocculation of 
a particulate antigen in the presence of its homt^logous amiserum. 

Great differences exist between forensic and clinical serology despite 
the fact that they use similar or identical techniques. Clinical serologists 
are tiften asked ro determine if two bkiod samples are compatible so that 
a transfusion of blood frtMU dtnvir to recipient will not result m potentially 
dangerous results. They will study the interaction, if any, between anti- 
bodies in the host blood and red cell antigens ii'i the donor blood and 
similarly they will study the iiueraction, if any, between atuibodies in the 
donor blood and red cell antigens from the host (recipient's) blood. They 
mav be asked to determine if a patietu's blood indicates the presence of 
an infectious agent or they may be asked to determine if a patient has 
unusually high or low levels of some blood constituent. 

Forensic serologists, on the other hand, often deal with samples other 
than fresh wet blood and are charged wiili the unique problem ot iden- 
tification and intiiiiciuu/uutuni (the determiivuion of the source of the 
material or physical evidence under study). The forenNic serologist may 
be pre>enred with a case mvolving blood, saliva, semen, or SvMne other 
physiological tluid or tissue. The sample may be wet or dry and of almost 
any age. The sample may be fairly 'Vlean'* or it may be heavily contam- 
inated with biotic (bacteria, fungi, etc.) or abiotic factors. It may even 
be a mixture of similar fluids from two separate sources, for example, in 
a violent crime the possibility exists of eiKouiuering bKuKl or bloodstains 
derived from both the victim and the perpetrator. The sample may have 
undergoiie deterii^rarion due to eiivinmmental civnditions such as humid- 
itv, temperature, or even a deliberate attempt by an individual to destrov 
the physical evidence. The difficulties in analysis a. ^? immense, especially 
wheii only a limited sample is available. How then ^.an torensic seroK^gists 
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accomplish their mission of idcntifiCiitioii and iiulividualization? Tech- 
niques capable of exploitins differences in individuals must be employed. 



Genetics 

When an crk cell is fertilized, 23 chromosomes from the mother and 
23 from the father join in fcirmins the nucleus of the newly formed cell, 
the :>«(;te. Throughout fetal and postnatal development the genetic con- 
sritutioii of this individual remains more or less fixed (with certaii^ ex- 
ceptions). C/m»»u)s<nnes are the repositories of ^jt'TitS, which are the de- 
terminants of all physical traits such as height, weight, and eye color. In 
general, deoxyribonucleic acid (DNA), which constitutes the gene, houses 
the information required for protein synthesis by the cellular machinery. 
Tlie uiformation derived from DNA is utilized in the transfer of infor- 
mation (tmnscnpticm) to "messenger" ribonucleic acid (RNA) and this 
newly formed molecule is then tnjn-slatol (supplies the same infonuation 
but in a different form for copying) by nlJosoTnes (cellular elements) into 
individual structural or regulatory proteins. Two additional types ot RNA 
molecules (transfer and nbosoinal RNA) are involved in this process. The 
result of this process is the formation of a protein that may or may not 
have eiizyme activity depending upon the information originally tound in 
DNA within the transcribed genes. The DNA is a linear array of deox- 
ynbonuclcotides whose order ultimately determines the order of the amino 
.\cids (building blocks) of all proteins. Thus two molecules of DNA dif- 
fering in only one or two out of \0,000 nucleotides may result in two 
diftercnt protein> having different characteiistics and/or activities. 

A nmolype is the genetic constitution of an individual, A f^htnotvpc 
IS the physical expressiiin of the goi\es, A person may have genes for blue 
eyes and brown eyes (one from each parent) but he or she will W. either 
blue eyed or bnnvn eyed; e,g., genotype, blue^rown; phe;.otype, blue. 
Individuals who have two identical genes tor a certain trait are called 
hoino:\f>otes. and individuals who have two different genes are hetewxyRotcs. 

Individuals differ not iinly phenotypically but alsi) on the molecular 
level. In the case of identical twins who are products of the same zygote, 
when exposed to similar enviionmetual conditions, individuals generally 
develop phenotypically identically. Needless to say, there is less similarity 
between individuals such as fraternal twins, and nonrelated individuals 
iu e each genetically unique. This uniqueness is manifested in several ways, 
including differences in the composition of various body tissues and fluids 
such as blood. The forensic serologist would like to use the molecular 
uniqueness of individuals and their vmious organs and tissues to achieve 
the goal ot identification and individualization. 
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Blood Chemistry 

For illustrative purpt)ses, let us discuss Hood chemistry and what kind 
ot mtonnation the toivnsic sorologist can learn by analysivS ot a relatively 
small amount ot* bloodstain evidence. Mood i.s a complex mixture ot erytlv 
rocytes (rod cells), leukocytes (white cclls)» platelets, tihrinoHeri, and 
serum. Scrum is the fluid portioi^ ot v/hole blood after removal of cells 
and the clotting protein, fibrin. Serum contains ( 1 ) electrolytes and merals 
such as bicarbonate, calcium, chloride, and copper; (2) nutrients such as 
amino acids and t^lucose; (3)vitamins; (4) n'letabolic intermediates such 
as bile acids, choline, bilirubin, and creatine; (6) hiMinorics; (7) dissolved 
Kases; and (8) proteins. These proteu'is cor^istitute roughly 7% of plasma 
and consist of albumin, antibodies, clottinj^ factors, fibriiuiscn, :;lobulinst 
complemeiu componeius, aiul enzymes. More than 160 antijiens, 150 
serum proteins, aiul 250 cellular enzymes have been identified ir^i humari 
blood.' These consist jf the soluble antigens and those antigens that are 
present on the forme 1 elemetus (erythrocytes, leukocytes, and platelets). 

Some ervthrocyto antigens are very common iri the population and 
are classified as factors of the primary blood grtnips such as ABO, MNSs, 
Rh. Le, and Lu. Approximately 14 systems are considered as primary. 
St^iK erythrtKyte antigens are less common and are therefore classified as 
factors of secoiidary systems {see Table 1). Some antigens (A arui B) are 
present on all three types of ftirnu'd elements of whole blood, while others 
are unique lo leukocytes and platelets (histocompatibility locus antigens), 



Table 1. Erythrocyte Blood Grouping Systems 
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md otliers are touiui exclusively associated with erythrocytes. Over 250 
proteins have been found in or ot^ erythrocytes with approximately 95% 
(by weifiht) being hetnoglobiiv Most erythrocyte proteins nre water sol- 
uble. There are also luimerous proteins found within serum. Some serum 
pnneins are important in normal blotxi function and are found in very 
low levels such as prostatic acid phosphatase , alkaline phosphatase, lipase, 
or alcoht^l dehydroyeuase. In addition, serum contains hormones such as 
Insulin, glucagoiv growth hormone, and erythropoietin, which are all 
protein in nature. 

Analysis of Evidential Specimens 

The foret\sic approach xo serology follows an orderly format. When 
confronted with physical evidence that appears to be a bloodstain, the 
forei\sic seroloyist first determines if the stain is really blood. If it is then 
found to be blood, he or she proceeds to determine the species of origin. 
1 ,ie identification of blood may be based on histt^logical or serological 
analysis or by chemical testing. 

P7'ciirninar\ Tests 

Preliminary, presumptive tests are based on color development that 
indicates the pt^ssibility that the stain is blood. Such tests determine if 
heme or a heme derivative is present and are highly sensitive (to 1 part 
per million), but lack absolute specificity because many > ibstances other 
than bloiid can cause a positive reaction. The presumptive test is followed 
by a specific assay that is generally far less sensitive. These specific tests 
include crystal and spectrophotometric tests. 

The three most cim^monly employed crystal tests include the Teich- 
mani^ (liematin), Takayama (hemochrtnnogen). and acetone-chlor-hemin 
tests. Each of these is rapid and specific. The microscopic identification 
of the characteristic crystal formed in each test is considered proof beyond 
doubt that the material is bltu^d. 

y^pectwphotimetric c^naKsis is a method of chemical analysis based on 
the fact that different substances absorb light rays at specific wavelengths. 
The absorption spectrum of a substance is a graphic display of its degree 
of absorption t^f light as a function of wavelength. A sample is irradiated, 
and the amount of light that the sample then transmits is measured. 
Different concentrations of the same sample transmit different amounts 
of light. In forensic bloodstain analysis, the spectrophtnometric method 
IS based on determining if the material in question has an absorption 
spectrum characteristic of heme or its derivatives.' This method yields 
specific results cnily if multiple absorption spectra are determined fc^llowing 
specific chemical treatments of the sample. Some substances from plant 
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mattt^r cm cause great dift'iculties in interpretation because their spectra 
often appear similar to hemoglobin or one of its derivatives. For this reason, 
nuiltiple absorption spectra j^hould be studied before reaching any con- 
clusions. 

Species of origin is then determined by serological analysis utilizing 
a specific antiserum. This reagent will detect the presence of a species- 
specific antigen within the sample. The exact method employed by the 
serologist depends on what type of ii^formatioi^ is required (qualitative or 
quantitative); however, an immunologic method is only as good as the 
anti.serum used in the assay and therefore care must be exercized in verifying 
the specificity of the antiserum. Species determination can also be per- 
formed economically and reliably using an antiserum directed against hu- 
man hemoglobin because this technique can identify the stain as human 
blood in a single analysis. 

Individualization 

Following species determination, the serologist can now attetapt in- 
dividualization, provided that there is sufficient sample for testing and 
that It is not contaminated or deteriorated. Initially, the sample is typed 
tor the primary blood group antigens such as ABO and Rh. In dried bloc^d, 
unlike tresh wet bkH)d, the erythrocytes have lysed (split open), and this 
presents further problems for blood typing because agglutination of mem- 
brane fragments, unlike whole erythrocytes, cannot be easily observed. 
Furthermore, some antigens (MN system) are unstable in the dried state, 
which makej) it most difficult if not impossible to type bloodstains accu- 
rately. Most forensic laboratories seldom do more than type ABO and Rh 
from among the list of cellulai antigens in Table I when only dried blood 
i> available. Fortunately, many serum proteins such as haptoglobin (Hp), 
group specific component (Gc), and transferrin (TO remain stable in dried 
stains and ran be safely analyzed. These serum proteins ti)gether with the 
cellular proteins constitute a group ot" blood components of great value to 
the serologist. The techniques used to analyze bloodstains tor these proteins 
will be discussed in the next section. 

Nto>t recentlv much research has been conducted to analyze blood- 
NtaiON tor sex (by determining the presence of the X ai^d Y chromosomes 
in leukocvtes and other nucleated cells or by determining :he ratio ot the 
sex hormones, testosterone to estradiol in the stain), age (by studying the 
kinetics of the conversion of one li :yme to another or the conversion ot 
an active torm to an inactive form), and race. Ethnicity can sometimes 
Iv deternuned bv analyzing the following cellular and'or serum proteins: 
hemo^K^bm. peptidase A. glucose-6-phosphate dehydn^genase, carbonic 
anhvdr.^se IK and Cnw. Lee' gives a complete review o\ bloodstain tvping 
procedures. 
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Electrophoretic Analysis 

For forensic purposes the serologist would like tn have available a 
technique that is rapid, reliable, sensitive, and economical and that would 
allow analysis of wet or dry blood samples to determine the factors present 
that make that particular san^ple unique — individualization. All human 
individuals are in fact genetically and/or phenotypically unique. This in- 
cludes identical twins who develop different fingerprint patterns during 
embryological growth and who may also have differences in circulating 
antibodies due to differences in exposure to antigenic materials. Similarly, 
an individual's blood is unique. To study the constituents of blood that 
confer uniqueness one has to separate the various protein components of 
the mixture. Blood proteins can be separated based on (1) molecular size, 
by using procedures such as dialysis, ultrafiltration, density gradient cen- 
trifugation, or gel filtration; (2) solubility, by using methods such as iso- 
electric precipitation, salting in or salting out, or solvent fractionation; 
and (3) electric charge differences, by using affinity chromatogn^phy, 
selective adsorption, ion exchange chromatography, or electrophoretic 
methods. 

The most rapid, economical, and accurate technique that can be 
adapted to routine forensic casework is electrophoresis. Indeed clinical 
laboratories include serum electrophoresis as a routine screenu^ig procedure 
for patient sera. - The technique of electrt)phoresis was first developed by 
A. Tiselius in Sweden in the l93Ci, Since that time many modifications 
of the original ingenious concept have made electrophoresis one of the 
most commcmly used high-resolution procedures available. 

Proteins have a broad range of molecular weights, ranging from 5,000 
to more than 1,000,000 daltons; most proteins contain from 100 to 300 
amino acids. Proteins have three-dimensional conformation (structure); 
some are globular, others are fibrous, and still others have a combination 
of both characteristics. The biological properties of proteins include sen- 
sitivity to temperature and pH (acidity). Proteins can be classified as 
structural or enzymatic depending on their function and their types and 
number ot amino acids. The net charge on a protein is determined by its 
constituent amino acids and by the pH at which tt is placed. Because 
unlike charges attract one another, a negatively charged protein in an 
electric field migrates toward the anode ( -f electrode), and a positively 
charged protein migrates toward the cathode (- electrode). Proteins in 
a mixture have different mobilities as a result of differences in charge-to- 
mass ratio at particular pH values and thus will separate from one another. 

In rone electrophoresis, the mixture of substances to be separated is 
placed in a narrow band (the i^rigin) between the electn^des. As the electric 
field IN applied, the various proteins, each of which has different mobility, 
mnvc away fmm each other and thus this puKedure results in a separation. 
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To avoid or at least slow the rate of diffusion of the various separated 
proteins* a solid or semisolid stabilizing support medium is used. After the 
separation has beei^ achieved^ the proteins are either fixed in position 
with a fixative or by immunofixation using monospecific antiseruni or else 
the position of the protein is deterniined by specific enzyme staining ar\d 
geiierally photographed for court presentation. 



Interpreting Results 



\n practice, if a serologist examines two samples, one from a crime 
scene and known not to belong to the victim and a second from a suspect, 
and if these two samples are phcnotypically different based, for example, 
on the electrophoretic analysis of PGM, the serologist could thereby ex- 
clude the suspect. However^ if the banding patterns are idettticah further 
testing is necessary to draw any conclusion. When comparing two samples, 
only one pheiunypic differei'ice found as a result of a multitude of elec- 
trophoretic analyses is sufficient to rule out the suspect. If, on the other 
hand, all enzyme tests indicate similar phenotype patterns/a statistical 
statement can be made as to the probability that the two stains have a 
commtm origin. 

Fc^r example, if a person's blood is typed m two systems, A and R, 
and the isozyme partem of A and that of 3 reflect population frequencies 
of 10 and 30%, respectively, then it can be stated that the blood under 
study IS relatively rare and is expected to occur in 3% of the population 
(10% X 30%), assuming that the two systems, A and B, are inherited 
independently of each other (either found on different chromosomes or 
if located on the same chromc^some, then not closeh linked). If a third 
test indicates a phenotype that is present in 20% oi the population, then 
this bKn^d sample is even rarer, being present in only 0,6% of the pop* 
ulation (10% X 30% x 20'fc). Under certain circumstances, that is, 
wlu're verv rare phenotypes are observed, oiie can narniw the statistics 
for that blood sample to one in oiie million or more. This is clearly of 
great importance and demonstrates rhe usefulness oi the techiiique. 

To quote Laudel, Grunbaum and Kirk, ''It is a basic assumption ot 
the criminalist that Nature never repeats herself. ... it should be possible 
to establish the individuality of ev ery object. This is the basis upcm which 
crimiivalistics rests. Althcnigh serc^logical analysis has not yet reached 
the capabilities of fingerpriiU an.\lysis in achieving the goal ot indivi' 
dualization and identification, the electrophoretic technique certainly al- 
lows the fc^rensic serologist to approach that gcnil more closely than has 
ever before been possible. 
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Does the Crime Laboratory 
Have the Answ^ers? 

Four Cities Compared 

Joseph L. Peterson 

M ost treatments iit forensic science in textbooks and scientific jour- 
nals discuss lahoriUory findings and interpretations from the individual 
case perspective. The technical literature customarily focuses on the sci- 
entific methods that may be employed to examine various types ot physical 
evidence and the kinds of itiformation that may be derived from these 
different analytical approaches. The popular forensic science literature 
hiKhli«hts those few outstandinjj cases where the crime la'niratory was 
s- cessful in solving: major crimes and convicting the rightful offender. 
Of late. too. tiiere is a growing number of case histories in the literature 
in which tiie analysis of piiysical evidence or tiie testimony of experts in 
court went awry, demon-stratit^^ the dangers .issociated with improperly 
collected or examined evidence and expert court testimony offered by less 
than qualified experts. 

Almost no published research examines the process ot evidence re- 
trieval, an.ilysis. and interpretation from a case aggrenate level. A review 
ot the forensic science literature tells us little about the kinds of physical 
evidence collected in typical criminal investigations, or the results and 
tvpes ot information ihat are routinely derived from its laboratory analysis. 
Putting extraordinary cases aside, we have few insights into the benefits 
derived from the analysis of physical evidence by forensic scienti.sts m 
publicly supported crime laboratories. Such studies, though, are critical 
to oui understanding of forensic science and the possible benefits that can 
be anticipated from the examination ot evidence in the future. 

Forensic Evidence and the Police Research Study 

The purpose of this chapter is to discuss data that were gathered m 
a recently completed two-year study of forensic evidence funded by the 
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National Institute of Justice and the Forensic Sciences Foundation. This 
project had the goal of examining the uses and effects of scientifically 
analyzed evidence within the context of police investigations^ Four juris- 
dictiotis were selected for this research, one small (Peoria, 111.), two me- 
dium-sized (Kansas City, Mo., and Oakland, Calif.), and one large (Chi- 
cago, III.), to represent various sized jurisdictions and approaches to pi^ysical 
evidence utilization. Appendix A contains a summary of background in- 
formation about the police and scientific resources in each of these juris- 
dictions. 

The basic data collection approach used in this study was a random 
selection of completed investigatioi^s from the files of the police agencies 
ai^d crime laboratories. Approximately 1,600 case files were reviewed in 
which physical evidence had beeii collected and analyzed. This review 
staiH\l with the report of each of these offenses to the police, the inves- 
tij^arivU^ strategies used by the police agency, the physical evidence col- 
lected and examined, the manner in which the police disposed of the 
case, and tlve court disposition of persons arrested during the course of 
these investigt^tiotis. 

In addition, comparison samples of 1 ,000 robbery, aggravated assault, 
and burglary ca?es were randomly selected in which physical evidence was 
not collected ot examined. This sampling design enabled us to compare 
the police and prosecution outcomes of similar cases (by crime type), while 
controlling for the preseiice or absence of various types of physical evi- 
vlence. The fiiul report on this project, Forensii: Evidence and the Police 
(Peterson et al. , 1982), fully discusses the data collected and study results. 

This chapter will focus on those approximately 1,600 cases where 
physical evidence was collected and analvzed in the laboratory, centering 
primarily on the results of scientific testing of various types of evidence. 
Table I summarizes the cases (by crime classification) that were included 
in this sample. 

Evidence Utilization Process 

The flow chart in Figure 1 depicts the various decision p^iints and 
decision makers who are central to understanding the ci)llection and analy- 
sis of physical evidence. Two fundamental tracks are depicted in this chart, 
the physical evidence path and the police investigation path; these occur 
concurrently and with considerable interchange among the pnncipal par- 
ries involved. Our primary concern is with the deciiiion process that con- 
tn)l.N the flow ot physical evidence and the information derived from it. 

The objectives of thus chapter, then, are to provide 

• a summary of crime incident variables asMKiated with what physical 
evidence is gathered from scenes ot crimes; 
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Table 1. Total Crimes in Physical Evidence Sample 





Peoriu 


Chicago 


City 


Oaklaxxd 


Total 


Homicide 


29 


11 


51 


71 


T T 1 


Other deaths 


21 


7 


0 


1 




Rape/sex offenses 


53 


53 


49 


70 


111 


Robbery 


17 


36 


57 


39 




Aggravated assault 


DO 








211 


Burglary/property 


55 


80 


52 


42 


229 


Arson 


2 


40 


44 


0 


86 


Weapons related 


39 


24 


0 


4 


67 


Drugs 


52 


54 


46 


73 


225 


Fraud/forgery 


0 


13 


55 


0 


68 


Other 


48 


15 


1 


15 


79 


Toral 


382 


456 


404 


349 


1,591 



• the primary reasons evidence is gathered and submitted tor analysis; 

• the ratio of evidence submitted for analysis to that actually ex- 
amined; 

• the results of laboratory testing by crime and evidence type; and 

• a discussion of fingerprint results derived from a special samphng 
of cases where onK latent fingerprints are gathered from the scenes 
of crimes. 

Incident Variables Associated with the Number of Evidence 
Categories Collected 

An examination of cases \v\ the study revealed, first, a wide range of 
evidence types gathered in various types of oftenbes. Tlie quantity of 
evidence (number of discrete categories of evidence) collected is associated 
with v;\rious circumstances surrounding the crime, factors termed "incident 
variables/* 

Table II identifies those incident variables, in personal and property 
crimes, that have a positive association with the number of categories of 
evidence collected. These relationships are distinguished by the type ot 
crime committed (personal or property) because the direction and signit- 
icance of the relariimships are sometimes different. 

The chi square test of significance legend at the bottinn of the table 
mdicates the sirmgih of the relationship between the various independent 

no 
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Table 11. Incident Variables That Have a Positive Association with 
the Number of Evidence Categories Collected 



• • • 



Kansas 

Inadent Variable Peona Chicago City Oakland 

More evidence is collected: 

• in personal rather than 
property offenses. N.S. 

• as the injury sustained 
by the victim in personal 
oTienses increases. 

• when the offender has a 
physical interaction with 
the victim and/or scene. 

• from residential scenes 
in personal crimes. " N.S. N.S. 



• from residential scenes 
in property crimes. 

• when the suspect is not 
identified o\ m custody 

in personal crimes. " ' N.S 

• when the suspect is iden- 
tified t>r in custody in 
property crimes. 

• when witnesses are not 
present in personal 
crimes. 

• when detectives/super- 
visors are present at per- 
sonal crime scenes. 

• wlien detectives/super- 
visors are present at 
prt>perty crime scenes. 



(_) • N.S. 



N.S. N.S. 



N.A. 



Kcv. N.S., not Mi;nihc.mt. N.A,. not applic.iWo; ( - ). nv^ativc .i>svH'iani»n; anJ the clu 
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variables and the dependent variable, the number of evidence categories 
collected. A relationship that is found to be significant means that the 
null hypothesis (complete independence between the independent and de* 
pendeni variables) is rejected. In other words, there is a relationship 
between the two variables. The p factor (< 0.05, < 0.01, or < 0.001) 
Rives the approximate probability that we would find such an association 
by chance (when, in fact, the two variables are truly independent of one 
another) and is less than 5 in 100 C); I in 100 C*); or 1 in 1000 (••'). 

Crime Classification 

In all cities except Peoria, significantly more evidence is gathered in 
crimes against persons than in crimes against property. In Oakland, for 
example, four or more evidence categories are collected in 70% of the 
personal crimes, while in just 14% of property offenses, li^ 36% of the 
property offenses only a single evidence category is collected, versus only 
9% of the personal crimes. In Peoria, the quantity of pl;^'sical evidence 
collected in property crimes is not significantly different fron^ the nunU^er 
o( categories collected in perscmal crimes. None of these single evidence 
category cases involves only fingerprints. These cases are considered as a 
separate category and are discussed later. 

Personal Injury 

In personal crimes (murder, rape, assault, and robbery) in all juris- 
dictions, the anK)unt of evidence collected is highly associated with the 
seriousness of physical injury suffered by the victim. When the victim 
receives cither a minor injury not requiring medical treatment or no injury 
at all. only one or twci categories oi evidence are collected in a majority 
of the cases. But as vhe degree of injury becomes more severe, the quantity 
of evidence collected steadily increases. Table 111 illustrates this steady 
progression in Kansas C^ity. The exception is Oakland where high quan- 
tities of evidence are collected in even the least serious offenses. 

This relationship is probably due to the following; (1) the amount 
of evidence generated during the commissiim ot the crime (more violent 
crimes produce more evidence); and (2) the added motivation of lech- 
nicians to collect evidence when investigating more serious offenses. 

Interaction Bciu'ccn Offender and Scene andJor Victim 

Not all personal crimes involve struggle or physical contact between 
the offender and the victim. Robberies frequently do not involve physical 
interaction between offender and victim. In such cases, one w<uild not 
expect to find or recover the same quantity of physical evidence as in 
cases where there is such ii\tcraction. The data from all the citiCN suppi^rt 
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Table 111. Crimes Against Persons in Kansas Cityj Extent of Injury 
by Number of Physical Evidence Categories Collected 



Nutiiber of Evkknce Categories 
Coiiectcd R„4(,, 



Persomil Injury 


J 


2 


3 


4 or more 


Total 


None/tnhior 


27 


29 


20 


24 


34 


Moderate 


0 


10 


13 


77 


19 


Serious 


11 


27 


35 


27 


22 


Fatal 


0 


0 


4 


96 


25 


Column total 


11 


18 


18 


53 


100 



Non • lV,th column total .uul row tutal purcentaRcs add to 100%. The individual cell entries 
m the taMf aiv nnv pcrccma>:c's and, accordinsly. should he a- id horizontally. For example. 
'•27"o of the crimes against persons, where iiijuries to tlie victim were classified as 'mme ot 
minur'. involved only one category of evidence hemR collected." 



The chi square smniticance in p <0.001; \ - 207. 



this theory; statistically sipnificant associations (p < O.OOl) were found 
between inrevaction and number of evidence categories collected. For 
example, in Peoria, four or more catesories of evidence are collected in 
52% of the cases with a physical interaction, but in only 6% of the 
incidents without .such an interchange. 

Location of the Offense 

In personal crimes, more evidence is usually sathered from residential 
crime scenes than from commercial .scenes or incidents occurring on the 
street or out-nf-donrs. This relationship is strongest in Peoria; the weakest 
relationship is in Chicago, where no association is found. The results for 
pniperty crimes are not consistent acm.ss all the cities. Peoria evidence 
technicians tend to gather more evidence at nonresidential locations, but 
the opposite is true in the other cities. 

Status ()/ the Identification of the Suspect 

The following interesting relationship is consistent in three ot the 
four study jurisdictions. Basically, more physical evidence categories are 
collected in personal crimes when the lea^t information about the identity 
or whereabouts of the su.spcct is available. The fewest categories of evi- 
dence are gathered when a suspect is in custody. This pattern of collecting 
less physical evidence when a suspect is in custody is understandable 
because such cases practically always have a witness to corroborate the 
.suspect's involvement. This situation reduces the tieed for physical evi- 

er|c ^ ^ 5 
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dence to link a suspect with the crime. Technicians make an extra effort 
when suspects are not in custody or identified in some fashion. 

Chicar,o is the only exception to this pattern. The amount of evidence 
collected appears to be unrelated to the status of the identification of the 
suspect. Chicago also generally collects the fewest categories of evidence 
per crime of all the jurisdictions. 

The opposite trend is true for crimes against property; more evidence 
is collected in offenses with a suspect in custody, at least in Chicago and 
Kansas City. Given the low probability of solving property offenses when 
a suspect is neither in custody nor identified at the beginning of the 
investigation, technicians may have learned through experience that there 
IS little payoff i^ collecting many categories of evidence m such cases. 
When a suspect is in custody, though, the technician is presented with 
an opportunity to corroborate that suspect's involvement through physical 
evidence (e.g., to place a suspect apprehended on the street inside a 
dwelling through fingerprints or trace evidence). This corroboration may 
be particularly important in burglary/property crimes because witnesses are 
rarely present. 

Wimt^ssL^s to the Crime 

As in the preceding variable, in crimes against persons more evidence 
is usually collected when there are no eyewitnesses to the crm\e. In property 
offenses* as with the suspect identification variable, more evidence is 
collected when there are one or more witnesses. This finding indicates 
that more evidence is collected in prc^perty crimes when investigators have 
good leads to start with, as i> also evident with the suspect variable. 

Police Personnel at the Scene 

The relationship between evidence gathered and the presence of 
detective> and other supervisory personnel at the crime scene was also 
examined. The data support the theory that technicians collect more 
evidence when these personnel are present. This significant relationship 
.^ugiiesrs that technicians are subject to the same pressures trom higher 
police authorities that other personnel in the department feel, and will 
perform a more exhaustive search in their presence. This relatu>nship is 
also probably affected by the fact that supervisors will more likely be present 
at the im^re serious offenses. This condition has already been shown to 
be a.vsociated with more evidence being collected. 

CJollecting Agent 

When tlie types ot police personnel collecting evidence in the case 
are cro.vs'tabulated by the number o\ evidence categories collected, patrol 
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officers are shown to have a decreasing hkelihood of collecting multiple 
forms of evidence. Eviden'^e technicians, detectives, and medical person- 
nel are the primary lA^llecu -.j multiple categories of evidence. Table 
IV illustrates this re iauor*snip fnr personal crimes in Kansas City. A patrol 
officer is a coUecti* ^nt in only 17% of the cases where four or more 
categories of evidetu collected. Table V shows the percentage of time 
in which the various types of personnel are collectors of evidence in cases 
where fuur or more categories of evidence are collected. 

Table IV* Crimes Against Persons in Kansas City; Number of 
Physical Evidence Categories Collected by Collecting 
Agent 

Personnel Collecting Physical Evidence 



dumber of Evidence Police Detective Evidence Medical Row 
Categories Officer Supervisor Specialist Personnel Total 



1 


71' 


8 


25 


8 


12 


2 


24 


32 


68 


16 


18 


3 


16 


49 


89 


19 


18 


4 or more 


17 


66 


94 


74 


52 


Column total 


25 


50 


81 


46 


100 



N\^TK: Cell entiles are ri)W percentajjes. .V = 207- 

• This value shouU he read. "A pt)lice otficcr was one o\ the collecting agents in 71% 
ot the cases m uhich one category (blood, trace, etc) ot" evidence was Collected." 



Table V» Percentage of the Time Various Police Personnel Are 
Collecting Agents in Cases in Which Four or More 
Categories of Evidence Are Collected 



CtjiL'ttttm Agent 


Peoria 


Chicago 


K'cwsas Ciiy 


Oakland 


Police officer 


20 


32 


17 


42 


Detocrivo/'supervisor 


86 


81 


66 


66 


Evidence specialist 










(technicians, criminalists) 


93 


79 


94 


68 


Medical personnel 










(medical examiner, 










doctors, nurses) 


77 


80 


74 


69 



Categories of Physical Evidence Collected 

Table VI enumerates the top five evidence categories ci)llected in 
the combined total ot" all homicides, rapes, robberies, assaults, and bur- 




Tabic VI. Leading Evidence 


Categories Collected in 


All Crimes Combined 




Pci)ria 


Chicago 


Kansas Cit\ 


Oakland 


(S - 241) 


(iV = 310) 


(M = 258) 


(N = 257) 


Firearms (52%) 


Firearms (40%) 


Fingerprints (63%) 


Blood (52%) 


Rlood ( 32%) 


Blood (16%) 


Firearms (29%) 


Fingerprints (4^>%) 


Fin^erpnnt> (2iS'V) 


Fingerpritus (23%) 


Blood (21%) 


Firearms (47%) 




Questioned 






Hair (2V\>) 


documents ( 1 3%) 


Hair (18%) 


Hair (24%) 


Semen (14%) 


Semen (13%) 


Fire related (14%) 


Semen (23*>o) 



11S 




o 

3 
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glaries in the sample. These further observations are in order: 

• Biological fluids and firearms dominate as evidence collected in 
crimes of violence. 

• Fingerprints, trace evidence, and toolmarks are the leading evi- 
dence categories collected in property crimes. 

• Oakland has the highest percentage of personal crimes with blood 
evidence and firearms; Peoria has the lowest percentage of cases 
with blood evidence. 

• Chicago has the lowest percentage of crime laboratory analyzed 
cases with fingerprints and trace evidence, while Kansas City has 
the highest percentage of cases with those same evidentiary items. 

Seriousness of the Offense and Evidence Collected 

As the seriousness of the personal offense increases, so does the 
likelihood that biological fluids will be collected. The same relationship 
is particularly strong in the areas of trace evidence and fingerprints, as 
well. No clear relationships are seen between the dollar loss sustained in 
a property offense and the types of evidence collected. 

Interaction and Evidence Collected 

Interaction between the offender and victim predictably generates 
not only more biological evidence, but also more trace evidence and 
fingerprints. The only countertrend here is found with firearms because 
firearms are likely to be submitted in incidents in which physical inter- 
action has not occurred. In such cases a firearm is used as the weapon to 
intimidate or, possibly, shoot a victim, but the offender does not personally 
engage in an altercation with the victim. Here firearms may also ctinstirute 
the source of some other type of evidence, such as fingerprints or bloods- 
tains, which may be deposited on a weapon. 

Riological and trace evidence are found only in those property crimes 
involving an interaction between the offeiider and the crime scene. On 
the other hand, fingerprints and tools are collected more frequently in 
offenses in which no appreciable interaction between the offender and 
scene has taken place, 

Reasons for Submitting Evidence for Laboratory Analysis 

Table VII summarizes the various reascms that evidence is submitted 
to the laboratories fc^r analysis. The N' values m this table refer to the 
various reasons that evidence is subnutted in a case. Because mdividual 
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Table VIL Reasons for Submission of Evidence 



Reasons 


Peoria 
N = 862 


Chicago 
N = 1139 


Kansas City 
N = 1139 


Oakland 
N = 715 




8 


9 


10 


9 


<\odULiall VC 


62 


44 


52 


63 




35 


28 


55 


32 


f^fripnn pr/ v i r r i rn 


23 


9 


8 


24 


lllCclllll IClaLCLi 


34 


43 


24 


38 


victim/scene 


4 


8 


12 


5 


tools 


2 


1 


1 


— 


documents 




9 






Reconstruct 


13 


32 


32 


13 


Corroborate 


4 


6 


5 


10 


Operability 










(firearms) 


13 


9 


1 


5 


Total 


100 


100 


100 


100 



Note: Resulu are m percent. 



cases often involve more than a single category of evidence and because 
a category of evidence nnay be submitted for more than one reason, the 
N values (reasons) are greater than the number of cases sampled in each 
jurisdiction. 

Element of the Crime 

An examination of the cases sampled shows that evidence is submitted 
for the purpose of establishing an element of an offense from 8 to 10% of 
the time. Drug and narcotic offenses are not included in this accounting. 
However, cases in which drugs are submitted as evidence incidental to 
the major crime category are included, such as cases in which drugs are 
found in the automobile of a robbery suspect. Therefore, rape and arson 
are the two primary crime categories in which evidence is submitted to 
establish an element of the crime. !n such cases, suspected seminal fluid 
and flammable substances are submitted for reasons ot identification. 

Associative Evidence 

The primary reascni evidence is submitted in the cases sampled in all 
jurisdictions is to associate persons, instruments of the crime {firearms, 
other weapons, and ttu^ls), and locations where offenses occur, Peoria 
(62%) and Oakland (63%) have the greatest percentage of evidence sub- 
mitted for this purpose, while Kansas City (52%) and Chicago (44%) 
have evidence submitted for this purpose to a lesser degree. 
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Within the association category, the submissions in Peoria and Kansas 
Civy are primarily itcnded to associate offenders with the scenes of crimes. 
In Chicago and Oakland, the majority of the submissions are related to 
firearms and are intended to associate these weapons with their owners, 
with the offenders, or with the victim of the crime. A substantial difference 
is seen among the study cities in the fraction of submissions where the 
intent is to associate the offender with the victim of the crime. Approx- 
imately one-quarter of this associative evidence in Peoria and Oakland 
has the objective of linking an offender with a victim, while less than 10% 
of the associative evidence in Chicago and Kansas City is submitted for 
that purpose. This result is, in part, a reflection of the higher percentage 
(80%) of personal crimes in the Peoria and Oakland samples, compared 
with Chicago and Kansas City where only about 70 and 60%, respectively, 
of the cases are personal crimes. 

Reconstruction 

About two and a half times more cases are submitted in the Chicago 
and Kansas City samples where one of the primary reasons for submission 
is reconstruction. This situation reflects the fact that a higher percentage 
of cases examined in Chicago and Kansas City lack standards. For example, 
bloodstain evidence from a crime scene is examined, but no blood sample 
is submitted from a known source (i.e., the victim or offender). In such 
cases, the examination can provide information about the blood type of 
the individual who shed the blood, but cannot associate it with anyone. 

Corroboration 

Evidence is submitted between 4 and 10% of the time to test the 
statements of wicnesses and victims and the alibis of suspects. This reason 
for submitting evidence is common in cases of rape where testing the 
evidence taken from the victim would >upport or retute the statements 
she has given the police. 

O^erahility/Opcn Case File Check 

A substantial vi^lume of firearms evidetKO in Peona and C^hicago has 
been examined for the purpcvse of checking the operation of the weapon 
and comparing the weapon against open case tiles to see it the gun may 
have been involved in previous crimes. Almost 10% of the Peoria caseKvad 
sample iin olvcs unlawful use of weapons. In order to pri^sccute, the lab' 
oratory has to ventv that the gun is in operating cimditivm. 
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Ratio of Evidence Examined to Evidence Collected 



Table Vlll details the average number of discrete evidence categories 
collected and examined by type of offense in the four cities. The fraction 
in the columns beneath each city divides the average number of evidence 
categories examined per case by the average number of categories collected 
per case. Examiners in Peoria examine the highest percentage of categories 
collected in fo'ir crime categories, Oakland examines the lowest percentage 
of evidence categories collected in all five primary offenses. In homicide, 
Oakland evidence technicians collect an average of 6.3 categories of evi- 
dence per investigation, but the laboratory only examines an average of 
1.8 categories per case. The Oakland laboratory e -amines, on the average, 
1.4 categories of evidence in rape cases (the lowest of all the cities) but 
technicians gather 5.2 categories per case (the highest of all the cities, 
along with Kansas City). 

In all cities, except for Kansas City, the highest ratio of evidence 
examined to evidence collected is in burglary/property offenses. The lowest 
ratio of evidence examined/collected is in homicides. This result is un- 
doubtedly related to the higher than average quantities of evidence col- 
lected in tht^se very serious offenses. It appears, though, that laboratories 
screen out much of this evidence from their examination procedures. 



Table VIIL Percent of Physical Evidence Categories Collected Which 
Are Examined by Crime Type 
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Laboratory Results 

Laboratory Results by Crime Classification 

Table IX exhibits the results of laboratory testing in each jurisdiction 
by personal and property crimes. The N values in the table refer to the 
number of evidence categories submitted and analyzed by the laboratory 
in the sample of cases from each jurisdiction. The percentage totals for 
each crime classification exceed 100% because the data collection instru- 
ment used in the study recorded up to three results for each major category 
of evidence collected. Although an infrequent occurrence, a case might 
involve several different blood samples submitted from various locations 
at different crime scenes. In such a case, one sample might prove incon- 
clusive, while another is typed and associated with a suspect. However, 
most cases have a single result. 

If the examination results in the identification of the evidence (e.g., 
the stain i^ blood, the liquid is flammable), or a classification (the stain 
is Type A human blood, the flammable liquid is gasoline), it is included 
in the identify/classify category. Chicago has the highest percentage of 
results in both the personal and property crime category when the results 
are so classified. 

Initially, most types of evidence are identified or classified even if 
the evidence is compared subsequently with a standard, thus yielding a 
conclusion concerning the origin of the evidence. If a blood sample is 
first grouped and then compared with blood that has been grouped from 
another source, and a statement of common origin results (in the above 
example, the two samples possibly have a common origin), both the "iden- 
tify/classify" and the "common origin" results are noted. 

The second row notes negative identifications. ¥ot example the evi- 
dence is determined not to be the substance it was thought to be upon 
submission. The primary evidence forms here would Se substances sus- 
pected to be seminal fluid, flammable liquids, controlled substances, and 
bloodstains. A .small percentage of the time these substances turn out to 
be something else, such as a prescription drug rather than a cimtrolled 
substance or the laboratory is unable to detect the presence of the substance 
due to the small sample size or contamination/deterioration of the sample. 

The percentage of results that possibly, probably, or conclusively link 
evidence u ith a standard (and thereby its source) are all categorized under 
the common origin heading. Results from the examination of cases in 
Peoria are in the common origin category more often than the cases from 
the other cities. Forty-four percent of the results in personal crimes and 
fifty-four percent of the results in property crimes are of the common origin 
categor\-. Chicago has the lowest percentage of results classified m the 
ciimmon origin category; 21% of the results are from personal crimes and 
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Table IX, Results Derived from the Laboratory Examination of Physical Evidence 



Peoria Chicago Kansas City Oakland 



LaborMury 


Pers. 


Prop. 


Pers. 


Prop. 


Pers. 


Prop. 


Pers. Prop. 


Result 


(N = 421) (N = 97) 


(N = 411)(N 


= 123) 


(N = 431)(N 
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(^ = 332) (N = 48) 
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49 


41 


29 
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44 
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1 
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7 
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25 
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20 


38 


24 


49 


13 25 



NoTF. The \ value in this table retcrs to the total number of categories of evidence analyzed by the laboratory of the cases included in the study san^ple. 



All values are liiven in percent. 
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5% of the results are from property crimes. Kansas City and Oakland are 
comparable in the personal crime category results, but Oakland has about 
twice the percentage of common origin results in the property crime 
category as Kansas City. The sample sizes in these property offense com- 
parisons are noteworthy; the two cities with the lowest percentage of 
common origin results process the greatest number of cases, by a factor 
of two to three. This finding suggests that Chicago and Kansas City are 
not as discriminating in the property cases they choose to examine, while 
Peoria and Oakland re.serve their examinations for cases in which both 
evidence and standards are supplied. 

The Oakland laboratory has the highest percentage of laboratory 
reports that concluded that two items of evidence did not have a common 
origin. Oakland examiners are more explicit in their laboratory reports 
about the failure of two items to match with one another and, thereby, 
indicate that they do not share a common source. The other laboratories 
tend TO declare inconclusive results in such cases. Different origin results 
constituu valuable information, for they may demonstrate to investigators 
that they are pursuing the wrong suspect or are operating under a faulty 
hypothesis as to how the crime occurred. In all cities, evidence submitted 
in property crimes is more likely to result in a different origin result than 
that submitted in a personal crime. 

Inconclusive results develop when the laboratory is unable to make 
any type of a definitive statement. Even though Peoria has one of the 
highest rates of common origin results, it also has the highest rate of 
inconclusive results in personal crimes. Kansas City has the highest rale 
of inconclusive results in property crimes with almost half the results falling 
into this category. 

Laboratory Results hy Evidence Category 

Tables X through XUl summarize the results of laboratory testing for 
each jurisdiction hy evidence category. The N values correspond to the 
number of times various categories of evidence are submitted in personal 
and pniperty crimes. Given the infrequency with which some evidence 
categories appear in certain crime categories, percentages are given only 
when the N value is five or more cases. 

The percent of time that bloodstain evidence results in a conclusion 
of common origin (probable or possible) ranges from a high of 40% of 
submissions in Oaklard to a low of 6% in Chicago. Blood is rarely present 
in property crimes in Peoria, Kansas City, and Oakland. But, in Chicago 
(N = 25), blood links an offender with a scene or victim 8% of the time. 

Chicago has the highest rate (79%) of positive identifications of 
suspected semen evidence in rape or other sex-related crimes. The rate 
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Table X. Peoria — Laboratory Results by Evidence Category and Crime Classification 



LoboratoQ- Results (%) 
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Table XL Chicago— Laboratory Results by Evidence Category and Crime Classification 



Laboratory Results (%) 
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Table XIL Kansas City — Laboratory Results by Evidence Category and Crime Classification 

Laboratory Results (%) 
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Tabic XIII. Oakland — Laboratory Results by Evidence Category and Crime Classification 

L3borator\ Results f%) 
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of positive identifications is close to the 70% mark in the other labora- 
tories. 

Although the number of hair submissions in Oakland is small (N — 
12) I in two-thirds of the cases this evidence results in a conclusion of 
possible or probable common origin. The N of cases in Peoria and Kansas 
City with hair is about the same (N = 60). Common origin results develop 
in from one-quarter to one-third of the instances in which this evidence 
is submitted. 

The percentage of submissions in winch firearms evidence results '\n 
a statement of common origin is comparable in personal crimes from city 
to city; Peoria has the highest rate, 62%. Peoria also has the highest rate 
of toolmark cases in property crimes: 82% have a common origin result. 
None of the 21 toolmark cases sampled in Chicago result in a common 
origin finding. The Chicago toolmarks section examines many more cases 
than does Peoria. But, because it usually fails to receive a tool to compare 
with the toolmarks, examinations usually only yield information as to the 
type of rool that may have been used. This informatioii may help the 
investigator subsequently to locate the proper suspect. 

Peoria, once again, has the highest rate of trace/transfer evidence 
resulting in a common origin in both personal and property crimes. The 
Oakland samples include no trace evidence (glass, hair, fibers, etc.) in 
personal crimes and the Chicago sampling has too few to tabulate. 

The presence of drug evidence \n cases where other physical evideiKe 
is submitted is tabulated as well. Suspected drugs are identified as con- 
trolled substances between one-half and three-quarters of the time. 

Impression and pattern evidence was found in a ver>' small number 
of incidents in all cities; Peoria and Chicago have the most cases. This 
evidence has a high rate of positive outcome, with the results either 
demcmstrating a comuum or different origin or, perhaps, helping to re- 
construct the offense. 

The final category included on the table is suspected accelerants and 
explosives. The rates of identification ii. Chicago and Kansas City (50- 
60%) are comparable. Suspected arson accelerants are very rarely examined 
in Peona and Oakland and are subsequently not included in this review. 

Questioned documents are not included in the tabulation because 
they are examined only by the Chicago Crime Lalx^ratory. Chicago is the 
only one of the ftnir facilities in the study having the capability of ex- 
aniining documents for the purpose of determiiiing their authenticity and 
authorship (origin). A check o{ C^^hicago results reveals that m 16% of 
the incidents, a statement of ccnnmon origin (conclusive, probable, or 
possible) IS made. These are principally cases linking handwriting on a 
document (fraudulent check, cn^'dit card) to a specific mdividual. In an- 
other 24% t^f the cases, examiners are able to classify the make or model 
of a typewriter used to type a document or, possibly, to determine that 
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some currency is counterfeit. In about half the cases sampled, however, 
no definitive results are reported. 

The Value of Evidence: Resolving the Question of 
Association 

Table XIV presents data that express the percentage of time in which 
the analysis of various categories of evidence resolve the question of pos- 
sible association among suspects, victims, crime scenes, and instrum.ents 
of the crime. Only those evidence categories that are commonly considered 
to have associative value are included in this table. Items such as drugs, 
flammables, explosives, and semen evidence are excluded because the 
standard laboratory procedure in these cases is primarily to identif>' the 
substance. Since the initiation of the study m 1980, most of the labora- 
tories have begun programs tc. determine the blood group of the semen 
donor, which should enhance the associative power of this rape evidence. 

An example of how the table may be read is as follows: blood evidence 
is examined in 93 cases in Peoria in which the purpose for submission is 
to associate persons, a person and a location, or possibly a person and an 
instrument of the crime. In 31% of these cases, bloodstain evidence either 
confirms or refutes this association. 

Rather than comparing percentages for evidence categories between 
cities it is probably more useful to examine the relative rates of success 



Table XIV. Percent of Time Laboratory Results Are Successful in 

Determining if Persons/Objects Are Associated with One 
Another 
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76(33) 
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9(22) 


3(33) 


Per^mal 


17(59) 


2(100) 


8(38) 


1(100) 
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number of time> evulence is .ubtniueJ to the laboratory for tliat purpose (the N value). 
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enjoyed by various evidence categories across all jurisdictions. This ap- 
proach reveals the following. 

In personal crimes: 

• firearms evidence is by far the category of evidence that yields the 
greatest success in resolving the question of association; 

• bloodstain evidence is at the bottom of the rankings in three of 
the four cities in its ability to show a positive or negative associ- 
ation; and 

• fingerprints rank high in comparison to most other evidence cat- 
egories, placing either second or third in all cities. 

In property crimes: 

• trace evidence is successful in resolving the issue of association 
more than half the time; 

• toolmarks associate tools with crime scenes from a high of 70% to 
a low of 5% of the time; and 

• in contrast to their value in personal crimes, fingerprints have a 
much piuirer record in associating and disassociating persons in 
property offenses. 

Laboratory Results When Only FingerprintG Are Collected 
and Examined 

In a very high percentage of burglary crime scene investigations, only 
fiiigeiprints are gathered. Because these cases constitute one of the major 
activities of crime scene units and represent a significant fraction of all 
cases in which physical evidence is collected, they deserve special treat- 
ment. They have not been discussed up to this point because fingerprint 
identification is usually handled by a unit external to the crime laboratory. 
Information on cases involving fingerprints as the only category of physical 
evidence was collected in Peoria, Chicago, and Oakland- The sample was 
ntn collected in Kansas City because of recordkeeping limitations. Table 
XV compares the utilization of fingerprint evidence in three separate types 
of cases: 

1. burglary/property crimes for which only fin^^erprints are collected 



2. burglary/property crimes tor which inher physical evidence is ex- 
amined in the crime labor.uory (Ev-Rury); and 



(FP-Burg); 
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Table XV. Utilization of Fingerprint Evidence 



City Sampk 


Number 

of 
Cases 


Average 
Number 
CoIIectea 


Percent of 
Cases with 
Fingerprint 
i^oilectea 


Average 
Number 


Percent o/ 
Cases u/ith 
FingeT|)rint 

An/il\yeu 


FP'Burg 
Peoria Ev'Burg 
Ev'Other 


34 
62 
219 


1.12 
2.03 
Z. ly 


100 
32 

JL 


1.00 
1.56 
1.84 


100 
26 
21 


FP'Burg 
Chicago Ev'Burg 
Ev'Other 


42 
80 
296 


1.00 
1.86 
1.74 


100 
34 
22 


1,00 
1.25 
1.57 


100 
24 
14 


FP'Burg 
Oakland Ev-Durg 
Ev'Other 


33 
43 
229 


1.18 
2.07 
4.77 


100 
53 
49 


1.00 
1,20 
1.45 


100 
40 
29 
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3. other, non-burglary, crimes with physical evidence examined in 
the crime laboratory (Ev -Other). 

The second and third categories of cases descnb^d abox-e may or may not 
have had fingerprmts collected in addition to the evidence examined m 

the laboratory. r u i 

In Table XV, the column giving the average number ot physical 
evidence categories collected refers to the average number collected per 
case. The third row lists the percentage of cases in that group that have 
fingerprint evidence collected, so it follows that 100% of the FP-Burg 
group have fingerprint evidence collected. The fourth row, marked ana- 
Ivzed " records the average number of physical evidence categories re- 
ceiving scientific analysis per case. In the FP-Burg cases, only fingerprints 
have been examined, so the average is 1.00 in all cities. Finally, the last 
column gives the percentage of cases in each group that have fingerprint 

evidence examined. ■ rU ^ 

This table clearly illustrates that crimes considered more serious than 
burglaries, specifically murder, rape, robbery, and assault, result in more 
evidence collection and laboratory analysis. Not only is more evidence 
collected in the more serious crimes (which has been shown previousl^y 
in this chapter), but the quality of the evidence appears to be e.^nanced. 
As shown in Table XVI, when fingerprint-s are collected in the more 
serious crimes, standards are more likely to be collected as well. Also, the 
i.'-oratory appears to be better able to reach a common origin result 
through the evidence analysis. 

In Peoria, for example, the fingerprints ot a suspect are compared 
with prints from a crime scene in just 32% of the burglar^' cases in which 
onlv fingerprints are collected. In burglaries, when other evidence is ex- 
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Table XVL Results of Fingerprint Analyses 
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Cases 


&Suis 


Origin 






FP-Burg 


34 


32 


24 


75 


I eoria 


Ev-Burg 


Id 


69 


50 


72 




Ev-Orher 


47 


87 


77 


89 




FP-Burg 


42 


10 


5 


50 


Chicago 


Ev'Burg 


19 


16 


16 


100 




Ev-Othcr 


40 


25 


23 


90 




FP-Burg 


33 


42 


3 


7 


Oakland 


Ev'Burg 


17 


82 


18 


21 




Ev'Other 


67 


91 


36 


39 



atnined in the lahoratory, fingerprint standards are availahle in 69% of 
the cases in which latent prints are recovered. In crimes other than hur- 
glary, fingerprint standards are availahle in 87% of the cases. One can see 
that as the rare of standards present increases, so does the rate of common 
origin fingerprint results (i.e., the latent print is matched with a particular 
person). 

in Chicago, only 10% of the "fingerprint-only" hurglaries have stand- 
ards availahle. In other words, the prints of particular suspects are checked 
against the unknown latent fingerprints recovered in the field in only 10% 
c^f these crimes. This is the primary reason why fingerprints are matched 
with an individual only 5% of the time in these cases. 

In Oakland, while latent prints are compared with suspect fingerprints 
m 42% of cases, they only match up 7% of the time (see the far right 
hand column). This result suggests that the quality of suspect names 
submitted to the fingerprint identification section in Oakland does not 
equal the quality of suspect names supplied in the other jurisdictions. 

Summary 

The principal conclusiin^s that may he drawn from the data presented 
in thb chapter are summarized as follows: 

• Several characteristics o\ a criminal act are associated with the 
collection of evidence; amtmg them: the type of offense, the in- 
teraction between suspect and the scene t^r victim, the seriousness 
of injury suffered by the victim, the legation of the crime (resi- 
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dential versus nonresidential), the presence of witnesses, the status 
of identity of suspects, and the presence of supervisory police per* 
sonnel at the crime scene. 

• Biological fluids and firearms dominate as the primary evidence 
categories collected and analyzed in personal crmies, while finger^ 
prints, trace evidence, and toolmarks are the leading categories of 
evidence examined in property crimes, 

• The principal reason evidence is submitted to the laboratory, put* 
ting drug e\ idence aside, is to associate persons, weapons, tools, 
and locations with one another, 

• On the average, many more categories of evidence are collected 
in personal crimes than in property crimes. 

• Only a fraction of evidence collected from the field is analyzed; 
the highest percentage is examined in property crimes and the 
lowest in personal crimes. 

• The jurisdiction that gathers the greatest quantity of evidence from 
the scenes of crimes (Oakland) also examines the fewest categories 
of evidence in those cases. 

• The percentage of laboratory results leading to a statement of com* 
mon origin is highest in personal crimes; on the other hand, prop- 
erty crimes return the highest number of different origin results. 

• The Peoria junsdiction has the greatest success in determining the 
origin of firearms, toolmarks, fingerprints* and trace evidence. Oak' 
land has the greatest success in determining the origin of blood- 
stains and hair evidence. (Chicago and Kansas City have the highest 
rates of identifying semen evidence in sexual crimes. 

• Firearms, bloodstains, and toolmarks are the leading evidence cat- 
egories in personal crimes that successfully resolve questions of 
association among persons and locations. Trace and totilmark evi- 
dence are the primary categories in property crimes tliat resolve 
the quesriim of association. 

• Fingerprint evidence is most successful in identifying persons when 
It IS collected in conjunction with other evidence in nonburglary' 
property crime cases. It i^ successful the smallest percentage of the 
lime when it is the only item of evidence gathered m property 
crimes, 
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APPENDIX A 

Background Information on Various Attributes of Study Sites 



Atiribute 


Peoria/Morton 


Chicago 


Kansas City 


Oakhnd 


Population 


125,639 


3,060,801 


462,914 


344,686 


Crime index total 


12.054 


186,728 


42,065 


41,269 


Index crime per capita (1000s) 


95.9 


61,0 


90,9 


119.7 


Land area (square miles) 


38 


228 


317 


59 


Laboratory established 


1972 


1930 


1973 


1944 


Parent law enforcement agency 


Peoria Police De- 


Chicago Police De- 


Kansas City Police 


Oakland Police De- 




partment (crime 


partment 


Department 


partment 




scene unit) 










Illinois Department 










of Law Enforce- 










ment (crime lab- 










oratory) 








Sworn personnel 


218 (Peoria Police 
Department) 


12,392 


1,183 


602 


Index crimes per sworn officer 


55;1 


15;l 


36:1 


69:1 


Oiminal mve^stigators 


35 (Peoria P.D.) 


1,268 


204 


126 


Or^anirational placement ot crime 


Bureau of Scientific 


Bureau of Technical 


Bureau of Criminal 


Bureau of Investiga- 


laboratory 


Services 


Services 


Investigations 


tions 
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Background Information on Various Attributes of Study Sites — Continued 



Aiinhuie 


Peova/Worvm 




Kan<iM Cttv 


Uaklana 


Scope of service 

r 


Regional 


Municipal 


Regional 


Municipal 


Crime laboratory caseload 


2.697 


25,600 


10.926 


5.364 


Ratio of cases to examiner 


300:1 


512:1 


840:1 


766:1 


Number of scientific staff 


9(1)^ 


50 


13(10)* 


7(5)' 


Ratio of sworn staff to (propor- 










tionate) scientific staff 


24:1(218:1) 


248:1 


91:1(118:1) 


86:1(120:1) 


Parent police department budget 


$4,315,530 


5351.415,466 


$35,826,402 


$39,148,857 


Oime laboratory budget (excludes 


— 


$ 1.300,000 


$ 275.290 


$ 171.836 


crime scene search function) 




(apprux.) 






Ratio of laboratory budget to par- 


__ 


0.4% 


0.8% 


0.4% 


ent a^et^cy budget 








Patrcil Division 


Oime >cet^e function: or^anua- 


Pcona P.D. Adtnin. 


Oime LaboratDry 


Cnminali.stics Divi- 


tional unit 


SciAices 




sion 


12 


Number of crime scene personnel 


6 




22 


Index cnme!5 per technician 


2,00^ 


1,966 


1.912 


3.439 


Ratio xvvorn >taff to technicians 




130:1 


54:1 


50:1 


Ratio o\ crime scene techiiician> 










It) (proportu^nate) laboratory 








1.7:1(2.4:1) 


staff 


0.67:1(6:1) 


1.9:1 


1.7:1(2.2:1) 



:k I nk-ss I'tluTwiH- injK.UcJ. the iiiti>rmatKm in this table JcscriK-s the cllar.Kte^stlc^ the a^ietKies and laborattuio as thev u^re m 1979. 
* The nuinlvr in |\^rentheH•^ relei^ to the proportiv>nate number of sticntitit vatt in the Mortun and Kansas City reuumal laboratories i*xatTiinm« ca^es trom 
tlu' iV.'ii.. anJ K.insas ^.ii\ ulrl^dK■tlon^. ApptiAimatelv lO^V o\ rhe VU^rtvm Remonal LaK^rati^rv ca!>cload is trom Peoria and 80*\^ o\ the Kan^a^ Citv Regional 
I ilN tatorv vasilpad is ttv-m Kansas Luv This translati-s inti^ x 9 ur I ^u\t\ metnber in the Morttm laK^ratorv workint: [\otu\ ca>es and ?*0% x \ U^r 10 
St iti nu-mbers m the K.ms.ix TitN labtuatorv wv^rkinu Kansas C:>t\ R^lice Depart niont case>. The Oakland Cnme Laboratorv start i^t 7 includes 1 (ulbtinie tmuerprint 
i-xiniuu-fs. sv. t«' inaki- tne Oakland stattmu level e.^uivalent to the other laK>rati»nes. thoc 2 tin^jerpnnt examiners are excluded. 



n 

n 

3 

ur. 

a. 

P 

n 



mc] '3 



Mb' 



Background Information on Physical Evidence Examination Capabilities of Study Sites 



Evidence 


PeoriaJMorton 


Chicago 


Kansas City 


Oakland 


blood/alcohol 


0 


u 


Y 

A 


0 


Com p. microscopy 


y 

A 


Y 

A 


X 


X 


Cnmc scene search 


Y 
A 


V 
A 


V 
A 


X 




Y 
A 


V 
A 


y 
A 


Y 
A 


IT 1 . . 

bxplosives 


U 


V 
A 


Y 
A 


n 

u 


r I herb 


V 

A 


Y 

A 


Y 
A 


Y 
A 


p- 

iMnRerprints 


V 

A 


Y 
A 


Y 
A 


Y 
A 


rlammanlcs 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


p 

rireanas 


Y 
A 


V 
A 


Y 

A 


X 


vjla^s 




Y 
A 


Y 
A 


X 


Uun^nut residue 


u 


Y 
A 


Y 
A 


n 

u 


1 1 • 
Hair 


V 

A 


Y 
A 


Y 
A 


Y 
A 


1 aint 


Y 


Y 
A 


Y 
A 


X 


rolvyraph 


Y 

A 


Y 
A 






^Hiotumeo document 




Y 

A 




V 


Serial number re,stor,ition 


V 

X 


Y 
A 


Y 
A 


y 

A 


Scrv *k\ti\ 


Y 
A 


V 
A 


X 


X 


SoiU nunenil.s 


0 


X 


X 


0 


Toolmark^ 


X 


X 


0 


X 


Ti^xicoloyy 


X 


0 


X 


0 


Tnice 


X 


X 


X 


X 


\ oKcprmo 


c 


0 


0 


0 



Kr'i X, ^.rinic l.tl\ir.it.ir\ h.t> cx.»nini.ui«>n ^apabihtv. ,md ^\\n\c laK«ratv^r\ lacks examination capability 





Background Information on 


Reference Collections 


in Study Sites 














(Standardh)pen case file) 


PeoTia/Morion 


Chicago 


Kansas Cil\ 


Oakland 


T '11 itl 11 rl'/i"! r\' f (*i'jn i o 


No/No 


No/No 


No/No 


No/No 


Tirc 


No/No 


N(i/No 




No/No 


Auto paints 


Yes/No 


Yes/No 


Yes/No 


Yes/No 


Hair 


Yes/TsJo 


Yes/No 


Yes/No 


Yes/No 


Fibers 


Yes/No 


Yes/No 


Yes/No 


Yes/No 


Shoo prints 


No/Nu 


Yes/Yeb 


Yes/No 


No/No 


Instruim'ntal 


^'es/No 


Yes/Yes 


Yes/No 


Yes/No 


Thrfateninn letters/had 


checks No/Ni) 


Yes/Yes 


No/No 


No/No 


RiiUets/cartridfjo cases 


Yes/Yes 


Yes/Yes 


Yes/Yes 


Yes/Yes 


fingerprints 


No/No 


Yes/Yes 


No/No 


Yes/Yes 




No/N(i 


No/No 


Yes/No 


Yes/No 


mood 


Yes/No 


Yes/No 


Yes/Yes 


Yes/No 
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A 

Acetate fibers, temperature versus 
birefrini^ence curves 57/ 
Agglutination, definition 88 
Analysis of evidence, case aggregate 

level 97 
Analytical instrumentation and 

techniques — See Instrumentation 
Antibody, definition 87 
Antigen, definition 87 
Antimony in bullet lead 66 
Arsenic 
Marsh's test 27 
in hair and fingernails, use in 
murder mystery 25 
localized immunity 26 
Assassination of President John F. 

Kennedy 73 
AsstKiative evidence, reason for 
labc^ratory analysis 108 
Aurine structure 32 
Autobiographical fiction, Arthur 
Conan Doyle 9 

B 

Bell. Joe 

influence on Arthur (xinan 

Doyle 5 
mixlel for Sherlock Holmes 5 
Rt»n:idine structure 34 
Birefringence > 54» 56, 57 
versus temperature curves oi 
acetate fibers 57/ 
Rknxl, definition 90 
Bkxxl analysis results, case 

histories 82. 83 
RkKxl chemistry, background 

information 90 
BIoikI group frequencies in the 

United States 79t 
RkuKl grouping 59 
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Blood grouping systems, 
erythrocyte 90t 
BlcKxl groups, discovery 34 
Blood testing 
in 1875 31 
since 1875 33 
Bloodstain analysis, 

background 79 
Bonavena, Oscar, homicide 72 
Brown, Crum, influence on Arthur 

Conan Doyle 7 
Bullet identification 65 
Bullet lend 

containing antimony 66 
elemental composition 66 
manufacture 66 
neutron activation analysis 68 

c 

Case histories in which bloodstain 
analysis identified 
criminals 79 
Categories of evidence 

collected 105. 106f 
Chemical analysis of thyroxine 24 
C'hicago, Ilk, study of forensic 

evidence 97 
Chiral carbon 22 
Choline nitrous ester structure 21 
Chromosomes, definition 89 
Clinical and forensic serology 

compared 88 
CA^ilecting agent, assiKiated with 
evidence collected 104 
Corroboration, reason for laboratory 

analysis 109 
Crime classification, associated with 

evidence collected 102 
Oime laboratory, origins 40 
Criminalistics, definition 45 
Crystal tests 91 
Oystalline samples, analysis 54 
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D 

DNA, definition 89 

De Freeze, Donald, death in SLA 

shootout 71 
Dianisidine structure 34 
Dichlorobenzidine structure 34 
Doctinumts in the Case, The 17 
Doyle, Arthur Conan 

autobiographical fiction 9 
background influences compared to 

those of James Joyce 1 
influence from Crum Brown 7 
influence from Joe Bell 5 
medical school yeans 4 
upbringing in Edinburgh 1 
Dyes, analysis 54 

E 

Edinburgh, Arthur Conan Doyle's 

upbringing 1 
Electrophoretic analysis, background 

information 93 
Elemental analysis 56 
Elemental composition of bullet 

lead 66 
Erythrocyte blood grouping 

systems 90t 
Evidence 

See also Forensic evidence 
analysis, case aggregate level 97 
collected, relationships 
collecting agent 104 
crime classification 102 
identification status of 

suspect 103 
interaction between offender and 

scene or victim 102 
interaction between offender and 

victim 107 
location of offense 103 
personal injury 102, 103f 
pi^lice personnel at sceue 104 
seriousness of offense 107 
type of crime 107 
witnesses to crime 104 
categories 105. 106t 
reasons for laboratory 
analysis 107, 108t 
Evidence collected to evidence 
examined, ratio 1 10 
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Evidence interpretation, case 

aggregate level 97 
Evidence retrieval, case aggregate 

level 97 
Evidence types that can be 

individualized 48 
Evidence utilization process 98 
Evidence value, resolving the question 

of association 1 19 

F 

Fibers, characterization 51, 53, 54 
Fingernails containing arsenic, use in 

murder mystery 25 
Fingerprints, as sole evidence 

collected 120 
Fingerprints, individualization 49/ 
Firearms examination 65 
Forensic and clinical serology 

compared 88 
Forensic chemistry as branch of 
analytical chemistry 39 
Forensic evidence — See also Evidence 

compared in four cities 97 
Forensic examination, today's 

resources 39 
Forensic science 
definitions 45 
historical background 46 
Forensic scientists 
capabilities 47 
as specialists and team 
members 40 

G 

Gas chromatcifiraphy 52 
Gas chromatography-mass 

spectrometry 5 1 
Gas-chromatography pyrolysis 51 
Genes, definition 89 
Genetic markers 

in blcxxlstains 80t 

definition 85 

in dried bkxxJstains 80 
Genetics 

background infi>rmation 89 

glossiiry of terms 85 
Genotype, definition 89 
Glossary of terms used in 
genetics 85 
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GrcK)vcs of gun barrel 65/ 
Guaiacol structure 32 
Guaiacum test 31 
Gun barrel, lands and grooves 65/ 
Gunpowders, composition 67 
Gunshot residue detection 50 

H 

Hair containing arser'.c. use in murder 

mystery 25 
Hematin test 32 
Historical background of forensic 

science 46 
Holmes, Sherlock 
mcxlelcd on Joe Bell 5 
test for blotxJ 32 
Homicide of Oscar Bonavena 72 

1 

Identification staius of the suspect, 
associated with evidence 
- 'Wcted 103 
Immune complex, definition 87 
Immunoglobulin, definition 87 
Incident variables 99, lOlt 
h\creiiihle Elopeinemt of Ijmd Peter 

Wimsey, The 23 
Individualization 
types of evidence 48 
background information 92 
definition 46, 88, 93 
Instrumental neutron activation 

analysis 68 
Instrumentation and techniques 
fusion microscopy 54 
gas chromatography-mass 
spectrometry 51 
overview 41 
plasma emission 

spcctrc^scopy 56 
pyrolysis-gas 

chromatography 51 
radioimmunoassay 58 
scanning electron 

micri^scopy 50 
serological rncihtxls ^^6 
thin layer chromatography 5 J 
Interaction beruecn offender and 
scene or victim, asscx iated with 
evidence collected 102. 107 
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Interpretation of evidence, case 

aggregate level 97 
Interpreting results of serological 

analyses 94 

J 

Jigsaw match of a broken gun hand 
grip 48/ 

Joyce, James, comparison of 

background influences to those 
of Arthur Conan Doyle 3 

K 

Kansas City, Mo., study of forensic 

evidence 97 
Kennedy, President John R, 

assassination 73 

L 

Laboratory analysis, reasons for 
associative evidence 108 
corroboration 109 
element of the crime 108 
oi^rability 109 
reconstruction 109 
submitting evidence 107, 108t 

Laboratory results 

by crime classification HI, 112t 
by evidence category 113, 117 
when only fingerprints are 
collected 120 

Lands of gun barrel 65/ 

Landsteiner, Karl 34 

Lead — See Bullet lead 

LcK'alized immunity to arsenic 26 

Lt^card, Edmond 40, 46 

Lcxation of the i;tYense, associated 
with evidence collected 103 

M 

Manufacture of bullet leads 66 
Marsh's test for arsenic 27 
Mass spectrometry -gas 

chromatography 51 
Medical school years. Arthur C:onan 

Doyle 4 
Microscopic examination of 

bkKxl 32 
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Muscarine aurichloride 

structure 21 
Muscarine 

in mushrcxjms, use in murder 

mystery 17 
structure 21 
Mushrooms, muscarine content, use 
in murder mystery 17 

N 

Narcotics, analysis 51, 59 
Natural vs. synthetic compounds, 

optical activity 19 
Neutron activation analysis 

of bullet leads 68 

definition 69 
Neutron, definition 69 
NitrtKellulose in gunpowders 67 
Nitroglycerine in gunpowders 67 

o 

Oakland. C*a.. study of forensic 

evidence ^7 
Operability, reason for laboratory 

analysis 109 
Optical activity 19 

P 

Piiint. characteri:aticm 51. 53. 54 
Peoria, IlK. study cif forensic 

evidence 97 
Personal injury, associated w\h 

evidence collected 102, mt 
Pharmacology of thyroxine 24 
Phenotype, definition H9 
Phosphogluciwutase in dried 

bkH>dstains 80 
Physical evidence flov^ chart \00f 
Plasma enMssion spectroscopy 56 
Polarized light 19 
Police personnel at scene» assiKiated 

with evidence collected 104 
Polymorphic, definition 85 
Polynuirphic enzymes 80 
Preliminary tests 91 
Presumptive tests 31.^1 
ProKnbility of a common melt 

origin 70 



Proteins, background 

information 93 
Pyrolysis-gas cl\romatography 51 

R 

Racemic n\ixtures 19 
Radioimmunoassay 59 
Ratio of evidence examined to 
evidence collected 1 10 
Reconstruction 
definition 46 
reason for laboratt^ry 
analysis 109 
Retrieval of evidence, case aggregate 
level 97 

s 

Sayers, Dorothy L., chemistry in 

writings 17 
Scanning electron microscopy 50 
Seriousness of offense, asscKiated 

with evidence collected 107 
Serological methtxls 56 
Serology, definition 87 
ScTum^ definition 90 
Stilvent systems in thin layer 

ch roma tograph V 5 5/ 
Spectrophotometric analysis 91 
Spectroscopy 57 
Steroid hormones, analysis 59 
StTonjt; Pnwon 25 
Stidv in ScarLn, A 31 
Symbionese Liberation Army 

shootout 71 
Symmetry, structural 19 
Synthetic vs. natural comixninds* 

optical activity 19 

T 

Techm^logy today and 

tc^morrow 41 
Teichmann test 32 
Temperature versus birefringence 

curves of acetate fibers 57/ 
Fetramethylbenzidine 

structure 34 
Thin layer chromatography 5 3» 54 
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Thyroid deficiency disease 23 
Tliyroxine 

chen^ical analysis 24 

pharmacology 24 

structure 24 

in wafers, use in mystery 
story 23 
Tolidine structure 34 
Transferrin 80 
Type of crime, asstKiated with 
evidence collected 107 

U 

University of Edinburgh, Arthur 
Conan Doyle's medical 
school 4 



Vane, Harriet 
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25 
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Wafers containing thyroxine, use in 

mystery story 23 
Warren Commission Report 73 
Wimsey, Lord Peter 25 
WiTTutry, Urrd Peter, The b\credihle 

Elopeincnt of 23 
Witnesses to crime, assiKiated with 

evidence collected 104 



Zone electrophoresis, 
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Zygote, definition 89 
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About the Book 



The application of the principles of chemistry both for committing crimes and 
for tracking down criminals interests audiences of all ages and walks of life. This 
iixierest is the reason for the long-standing popularity of fictional works that 
describe crimes made possible by the criminal's knowledge of chemistry and 
crimes solved by the sleuth's knowledge of chemistry. 

Arthur Conan Doyle modeled the Sherlock Holmes character after one of his 
professors at Edinburgh University, Doyle could never have .ealiied that his 
storief would inspire Edmond Locard to form the first forensic laboratory in 
France in 1910. Nor could he have predicted that forensic science would 
develop to its present level of sophistication and specialiMtion. 

The first section of this boi^k presents three chapters on chemistry in fictional 
crimes. Ely Liebow opens the book with a discussion of the influences of 
Arthur Conan Doyle's medical school professors on his fiction. In another 
chapter. Natalie Foster displays Dorothy L. Sayers' extensive knowledge of 
chemistry through three of Sayers' works. Various methods used for testing 
blood in 1875 are presented by Samuel Gcrber in the last of these chapters. 

The second section contains chapters that discuss the present state of the ^n. 
The first two chapters in this section detail recent changes in the field of 
forensic science and provide definitions, explanations, and a short historv of 
forensic science and criminalistics. V. P. Gumn's chapter describes the chemical 
composition and analysis of bullets and the uses of this mformation in some 
famous murder cases, such a.s the assassination of John F. Kennedy, Blood.stain 
analysis is the subject of the next t%«-> chapters: one on case histories and one 
on serological and electrophoretic techniques. The last chapter presents results 
of a 2-year study of four po\we jurisdictions to determine the kinds of physical 
evidence collected and used m typical criminal investigations. 

Arthur Conan Doyle's stories were so convincing that, ever since they were 
written, the general public has expected police laboratories to match Holmes' 
accomplishments. As the second section of this book shows, after more than 
100 years, forensic scientists are approaching that blend of ingenuity and 

technology, 
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